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PREFACE 

This  i s s u e  of bGFC's R e s e a r c h  and Technology P r o g r e s s  R e p o r t s  d, 
h z s  bees\ r e p a r e d  i n  acco rdance  with ins t ruc t ions  f o r  repor t ing  R e s e a r c h  ' f 

t h e  Office of Aeronaut ics  and Space  Technology. A 

only a narrative s u m m a r y  r e p o r t  at t h e  

R T O P  level.  

no longer  reGuired as e l e m e n t s  of each  p r o g r e s s  repor t .  However,  as 

both c h a r t s  provide  iiseful in format ion  t o  individuals and groups  within 

NASA having- a pro-gram management  function, they a r e  avai lable  sepa ra t e ly ,  

i n  a supp lemen ta ry  volume,  t o  those having a spec ia l  need fo r  them.  

Milescone Schedule Zkarts and Financia l  Status  C h a r t s  are 

_. 

. <  

I s s u e s  of t h s s e  r e p o r t s  a r e  publ ished twice a y e a r ,  with r e p o r t k g  

d a t e s  conforming to  the  OAST r e q u i r e m e n t s  of Apr i l  1 and October 1,  

I 

1 



NOTE 

The sequence  of the contents of th i s  r e p o r t  is indicated by t h e  

number  at the  c e n t e r  of t h e  top m a r g i n  of each page. E n t r i e s  on t h e  
I 

of '' block should be ignored. T h e i r  

only purpose  is tc indicate  the numbe:: of r e p o r t  pages  (including c h a r t s )  

submi t ted  c n  a p a r t i c u l a r  unit  of work and the r e l a t ive  loca t ion  of a p a r t i -  

c u l a r  page within that grcup. 

f o r m  coripietir ig the "Page  - 
_ _  _ .  

. .  . -  _ -  

. .  -. - 
- 

1 --To-insure p0sitiv.e identification of text with c h a r t s ,  a C r o s s -  

Re fe rence  Table  has-  been provided in the supplement .  

- ' To f a c i l i t a t e  ident ifjcation 02 ce r t a in  r e s e a r c h  which was r epor t ed  with 

codes differ ing f r o m  those assigr;cd by EASA H e a d q u a r t e r s ,  a Table  of 

Corresponding  .Coder h z s  a l s o  been included. A l l  r e p o r t s  i n  this  document  

a r e  identified by H e a d q u a r t e r s  a s s igned  codes.  

- 

. .  
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PROGRESS REPOaT 
RESEARCH A - 

1. CENTER: 

t h r s h a l i  Space 
4. TITLE: 

MAIN PROPULSION FOR SPACE SHUTTLE VEHICI3S 

5. RESPONSIBLE INDIVIDUAL: 

T. W. Winsteod 
6. ACCOMPLISHMENTS (MliatOn8S. P'O 

! 
Rapid S t a r t  of LH2 Turbopumps 

CONTRACT: 

OBJECTIVES: 
appl icable  t o  the  Space Shu t t l e  APS turbopumps, with emphasis on insu la t ion  coatings 
t o  reduce p r e c h i l l  requiremen%s, azd on deatiheqd starts. 

NAS 8-27608, RocirWe 11 Inte  ma ti ona 1 /Rocke tdyne 

To develop d a t a  on the  rapid s ta r t  of LH2 turbopumps under condi t ions 

Using da ta  from contracts NAS8-20167 and W8-20324 as baseline: 1 
.(I) Perform analyses to select cptimum coat ings f o r  the various f eed l ine  

components and eva lua te  turbupusp s t a r t i n g  re la t ionships ,  

(2) Condbct Laboratory tests t o  determine thermophysical p roper t ies  of 
candidate coat ing materials. 

(3) Conduct tests on both uncoated and coated Iu-LO turbopumps using 
various appl icable  s t a r t i n g  modes. 

STATUS: Zschniczl Progress: The comparative t e s t i n g  has been completed and 
demonstrated t h z t  30% reduct ions i n  chilldown t i m e  and mass are p r a c t i c a l l y  achievable. 
The da ta  indicated t h a t  60% reductions are probable, but t h i s  w a s  not, demonstrated due 
to sequencing pecu l i a r  t o  the  test f a c i l i t y .  

TlTLEt AUTHOR(.): OATE 
TRANSMITTED 

7. REWRTNO.: 

ASR 71-311 F i r s t  Quarter ly  Progress Report G. S. Wong ' October 1971 

ASB 72-6 Second QAr t e r l y  Progress Report G. S.  Wong January 1972 

ASR 72-93 Third Quarter ly  Progress Report G. S. Wong April 1972 

ASR 72-146 

ASR 72-239 F i f t h  Q d r t e r l y  Progress Report G, s, Wong October 1972 

ASR 73-5 Six th  Quarter ly  Progxess Report G, S, 30% January lP73 

I 

G. S. W a g  J u l y  1972 
i 
1 

Fourth Quarter ly  Progress Report 

I 

R-9273 Fina l  Rzbort 
1 
1 
I 

Go S o  Wag October 1973 



PROGRESS RWQRT 
RESEARCH ANC TECHNOLOGY OPERATING PLAN 

1 -  (antinuation Sheet) 

Or 
Forecast: Applications development testing can proceed on LH2, 

LOX coated turbomchiriery with low risks, based on the data establishcd under t is 
program, 
for altitude-restart applications. 

Preliminary data indicates significant weight and cost savings are possible 

CURRENT NOJCODE: 

113 -3 1- 12 

PAGE 2 OF 3 

I .. 
\ 

MSFC - Fonn 350-1 <March 1973) 
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RESEARCH AND TECHNOLOGY OPERATlNG PLAN 

1. (;ENTER: 

Shuttle Main Propuls ion  Techcology 
i, RESPONSIBL€ INDIVIDUAL: TELXPHONEI APPROVAL8 
S&E-ASTR-IMr'- 
H. H a r m a n  453- 5620 W. 0. F r o s t  
i. ACCOMPLISHMENTS (MilOStOnOS, Probkmr, Noar term actlvitla): 

TASK: 035, P r e s s u r e  T r a n s d u c e r  for  Act ive  Pogo Cont ro l  
H-92lOOA, NBS, Washington, D. C and Boulder ,  CO 

OBJECTIVE(S): A v e r y  high resolut ion,  r e s p o n s i v e  p r e s s u r e  t r ansduce r ,  is requ i r ed  
to m e a s u r e  p r e s s u r e  osc i l la t ions  of 8 to 10 p s i  in a n  8000 p s i  l iquid oxygen o r  hydro-  
gen l ine  with a n  a c c u r a c y  of 17'0 in  ampl i tude  and phase  a n d  the p r e s s u r e  osc i l l a t ions  
in t h e  combust ion chambers .  Tbe m a i n  p r o b l e m s  requi r ing  development  are t rans-  
duce r  s tab i l i ty  and sens i t iv i ty  in  such  a hos t i le  snvironment .  

APPROACH: A development  p r o g r a m  t o  test, evaluate,  modify, and  'retest va r ious  
types of p r e s s u r e  t r a n s d u c e r s  wi l l  be ini t ia ted t3 produce  a pressure t r a n s d u c e r  
meet ing  the  d e s c r i b e d  objective,  

STATUS: Technica l  P r o g r e s s  - NBS aoulder has s topped  work due to a lack of 
funds. Requested funds have not been granted t o  cont inue the  rryogeirsic t s s t ing ,  
NBS, Washington, D. C, is contincing with t h e  hot gas  port ion ob t h e  cont rac t .  
S e n s o r s  being evaluated are: Kaman Sciecces, Sensotec,  Sensorne t r ics ,  PCB, Inc. 
and Entran,  Icc. 
Management P r o g r e s s  0 none 
Forecast - Development will r e s u l t  in productivity of a prototype t r a n s d u c e r  for 
tes t ing and  fl ight qualification. 

7. REPORT NO.: TITLES- AUTHOR(s): DATE 
TWNSM ITTED 



4 -- --. - _ _  - 
CURRENT NO./CODE: 

PROGRESS REPORT 113-31-14 - 
RESEARCH AND TECHNOLOW' OPERATING PLAN 

(Gntincation Sheer) PAGE 2 O F  2 

STATUS (CONCL'JDED): NBS, Washington, D, C. has beer, granted an extension 
of t ime and wit1 continue investigation of candidate sensors on the hot gas 
portion of the subject contract, . 

- 

- 
- .  - 

. .  

. -. . . . .. I . . . ._. 
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PROGRESS REPORT 
RESEARCH 4 N D  TECHNOLOGY OPERATING PLAN 

PAGE 1 OF 2 
c 

1. CENThi?: 2. PERIOD COVERED: 3. CODE 

PRIOR NO.: CURRENT N3.: 

113-31-14 M S F  c 01 10 73 to 31 03 74 
4. TITLE: 

Shutt le  ,Main P ropu l s ion  Technology 

I 

TASK: Cryogenic  Fac i l i t y  M a s s  Flowmeter  
H-87466A, NRS, Boulder ,  CQ 

OBJECTIVE(S): To develop  a cryogenic  mass f lowmete r  capable  of m e a s u r i n g  
mass flow with a n  a c c c r a c y  of 0. 570 o v e r  the flow r a n g e  of the Space Shut t le  
engine.  Dynamic r e s p o n s e  wi l l  also be cons ide red  f o r  u s e  in POGO effect testing. 

A P P R  OA C H: 
1. Modification of e l ec t romagne t i c  f lowmeter  to e l imina te  leave- l ine  dr i f t .  
2. 
3. 
4. 

STATUS: 
insuff ic ient  documentation. The  au to -co r re l a t ion  f lowmete r  WIS built  but was not 
t e s t ed  because  s p e c i a l  e m p h a s i s  was  put, on t h e  dynamic flow faci l i ty  modification. 
The N. B. S.. faci i i ty  modi f ica t ion  has  been comple ted  and is p resen t ly  being used  
to  eva lua te  a n  u l t r a son ic  f lowmete r  that  was  developed f o r  Lsugley  R e s e a r c h  C e n t e r  
for the  pogo invest igat ion p rogram.  
s y s t e m  is continuing. 
Conclusions - Fac i l i t y  modi f ica t ion  a p p e a r s  t o  meet objec t ives .  

Design and fabricaLion of au to -co r re l a t ion  f lowmeter .  
Modification of N. R. S. Jlow faci l i ty  to include dynamic flow ca l ib ra t ion .  
Cal ibra t ion  of dynami? f lowmete r s  f o r  NASA t o  be used f o r  pogo invest igat ion.  

The  e l ec t romagne t i c  f lowmeter  task w8s di;continued because  of 

Evaluntion of the NASA dynamic o r i f i ce  

- -- 
AUTHOR(r): DATE 

TRANSMITTED 

Monthly and  Q u a r t e r l y  Repor t s  'b 

I 
I FIRST BENEFITTING DROJEC T: Space  Shut t le  

/.L 

I 
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PAGE 1 OF 2 
2. PERIOD COVEREQ: 3. CODE 

CURRENT NO.: PRIOR NO.: 

113 -31 -14 
-~ 

.. CENTFR:' 

MS FC 01 10 73 31  03 74 
1. TITLE: 

I 
Shutt le Main Propals ioc.  Technology --- - 

i. RESFONSIBLE INDIVIDUAL: TELEPFONE: APPROVAL: 

S& E-ASTR-IM?' 
W i l l i a m  B. White 453-5619 W. 0, F r o s t  

TASK: 
NAS8- 289 52. Kollsman,  Syos set, NY 
NAS8-285 53 In t e rna t iona l  Harvester, San  Diego, CA 
H-96516A F a r n e  s Engineering,  Stamford,  C T 

i. ACCOMPLISHMENTS (Milestones. Problems, Near term activities): 

Fast Respcnse  High T e m p e r a t u r e  S e n s o r  

OBJECTIVE(S): The  c o n t r o l  Shuttle APU and APS t u rb ine  t e m p e r a t u r e  w a s  expec ted  
to r e q u i r e  a re l i ab le  s e n s o r  capable  of continuous opera t ion  in a hot g a s  envi ron-  
men t  of lO0OoC to 140C°C ai: p r e s s u r e s  up t o  8000 ps ig  whi le  providing a time 
res pons e c h a r a c t e r i s t i c  and  r e l a b i l i t y  r e q u i r e m e n t s  not compat ib le  uti Iiz i ng 
conventional t e m p e r a t u r e  nieastrr ing techniques such  as thermocouples  o r  
r e s i s t a n c e  e l emen t s .  
at a s a t i s f a c t o r y  solution. 

APPROACH: A l i t e r a t u r e  and  m a r k e t  s u r v e y  w a s  conducted to  d e t e r m i n e  t h e  
m o s t  f e a s i b l e  a p p r o a c h  for nor,-contacting fast r e s p o n s e  t e m p e r a t u r e  s e n s o r s .  
Represen ta t ive  s y s t e m s  w e r e  obtained for  tests and evaluat icn based  on 
p r e l i m i n a r y  r e q u i r e r l e n t s  of engine operz t ing  c h a r a c t e r i s t i c s .  
f ea s ib l e  approach  w a s  to be developed into a prototype flight s y s t e m ,  

T h e r e f o r e ,  tecGnology 'develcpment  is needed to a r r i v e  

I' 

The  m o s t  

STATUS: .Technica l  P r o g r e s s  - All  h a r d w a r e  and  f inal  r e p o r t s  have been  received.  
Opera t iona l  ver i f ica t ion  h a s  been  completed on each  system. - 

'. REPORT NO.: TITLE: AJTHOR(s): DATE 
TRANSMITTED 

1. F i n a l  Report ,  S y s t e m  for  J. Micaliand 12 /72  
Mcasur  ing Turb ine  Blade M. Wengryn 
T e m p e r a t u r e s ,  Con t rac t  NAS8- 289 52 

I 
2. Radiat ion P y r  ow-eter foi Gas 

Turb ine  Blade s 
C o n t r a c t  NAS 8 -2 89 5 3 

I 

D. Rohy 
W. Compton 

10173 
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Management Progress - All cantracts have been 

Gonc-lusions . -  Evaluations of the measuring systems received under this program 
have: demonstrated the feasibility of using the remote sensing techniques €or 
kmdpratura i q u t s  to an epqine control system. Experience gained in this 
prOvam will allow the direct application of the remote sensing technique to 
prowAype a flight system in die event a firm requirement is generated. 
-pt&derns - -ne 
For@;a8t - none 

-. r 

ih . 

\r 
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PROGRESS REPORT 
RESEARCH AND TECHNOLOGY OPERATING PLAN 
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1 OF PAGE 

3. CODE 1. CENTER: 2. PER100 COVERED: 

PRIOR NO.: - 1  CURRENT NO.: 

MSFC 01 i o  73 31 03 74 114-03-33 
4. TITLE: 

I 

Structu'ral Composite Mster ia ls  fo r  Space Shut t le  
5. RESPONSIBLE 1NDIV;DUAL: TELEPHONEI APPROVAL: 

R. J. Schwinghamer I 205-453-551 6 

Development o f  a Yethod f o r  Fabr icat ing M e t a l l i c  Mater ia l  Composite Shapes By A 

F.? . La Iacona - 
j. ACCOMPLISHMENTS (Mtlsstones. Probiems. Naar term activitlei): - 
- TASK: 
Continuous Process. NkS8-27010 Commonwealth S c i e n t i f i c  Corporation. 

OBJECTIVE: 
u t i l i z i n g  automatic mechanical winding techniques and consol idat ing the cladded 
f i lament by heat and pressure i n t o  a s t ruc tu ra l  shape. 
aluminum f o r  the m a t r i x ,  boron and graphi te f o r  the reinforcement. The s t ruc tu ra l  
shapes t o  be fabr icated sha l l  be tute, 1'111 beam, and hat sect ion o f  'Zit section. 

To develop a nlethod f o r  automat ical ly f ab r i ca t i ng  a me ta l l i c  composite 

The mater ia ls  shal t  be 

APPROACH: A study sha l l  be made o f  the-necessary d i e  design rcquired to produce 
s t ruc tu ra l  shapes o f  boron-almlnum and graphite-aluminum camposi tes by a continuous 
process. Uarious parameters such as diqferences i n  thermal expansion o f  d i e  mater ia l ,  
dwell time a t  temperature, react ion between f i lament and matr ix,  and matr ix- f i lament 
mechanical proper t ies of the res31 tan t  cmposi tes sha! 1 be evalclated. 

STATUS: Technical P roq ress  Modifitat:ons i n  the B/al tube manufactured have been 
made and 2.00 inch diameter tubes three fee t  long have been fabr icated successfully. 
This preform was not t reated w i t h  a c r y l i c  binder as prev ious ly  p r i o r  t o  co ld  drawing 
resu l t i ng  i n  e l im ina t ing  t w o  steps in , the  process. 

Several small tubes (G/al) 3.00 inches long w i t h  1/4 inch diameter were successful ly 
fabr ica ted  using the e lec t ron  beam process. 
phys ica l l y  and mechanically these graphitelaluminum composite tubes. 

/ 

Tests are i n  progress t o  eva!uate both 

'. REPORT NO.: TITLE: AUTHOR@): DATE 
TRANSMITTED 

NONE 

F IRST BENEF iTT& PROJECT : 
\ 
j 
\ 

Spacsl a5 
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PROGRESS REPORT 
RE,SEARCH AND TECHNOLOGY OPERATING PLAN 

Management Proqress: 

Conclusions: None to r e p w t  a t  t h i s  time. 

This prograirr has been extended t o  Noveinber 1 ,  1974. 

I 

Problem: None 

Forecast : None 

I 



PRGGRESS REPORT 
R E V ~ R C H  AND TECHNOLOGY OPERATiNC PLAN 

. CENTER: 2. PERIOD COVERED: 

MSFC 01 .IO 73 -31 03 74 

PAGE 1 OF 2 
3. CODE 
CURRENT NO.: PRIOR NO.: 

1 14-03-33 
I 

-4: - Boron-Aluminxn proper t ies w i l l  be evaluated by t e s t i n g  the composite i n  
tensiof ,  fat igue, arid shear froin -320OF t o  +8OO0F. Structura l  assemblies w i l l  be 
designtd invo lv ing the fo l lowing structures: ( I )  Compression panel, ( 2 j  Thrust 
Structbre t russ beam, and (3) Thrilst s t r t x t u r e  shear web beam. I n  addi t ion,  a 
manufaY:uring process deve7opment task i s  t o  be conducted, which shal l  include 
studies i n  machining, jo in ing ,  chemical treatment, and too l  ing reclui renents. 
boron-iiuminum components selected frorr: the design analysis, w i l t  be fabr icated and 
these 'Qmponents subjected t o  s t ruc tu ra l  tests. 

STATUS_. Technical Proqress: 
(strai t5tening o f  bent tubes) and retested. 
straig'yening area w i t h  t i tan ium f o i l  s t r ips .  
too C0:rly. Therefore, three addi t ional  components f o r  r e p a i i  were selected i n  
i t s  S h d ,  

Finat l y ,  

Rework was performed on the elastic-buck1 ing tubes 

Shear beam repai r  was found t o  be 
The rework supporting bent and 

F -  P .  laiaconr 1 205-453-55l6 

', REPORTNk: TITLE: AUTHOR(s): CAT€ 
TRANSMITTED 

R. J, Schwinghamer 

G DCA-OBG? 3-006 Design, Mfg. Dev. Test M. F. M i l l e r  August 1973 
and Evaluation o f  Boron/ J. L. Chr is t ian  
A 1 urn i num S t r u c i  u ra 1 W. F, Wenmhold 
Comborients f o r  Spate Shut t le  
Vol 1: Design and Analysis 
Vol I I: Mater ia ls & Processing 
Vol I I  I: Shear Beam Component Test and Analysis 

E. E. Spier February 1974 1 I M. E. M i l l e r  

Space Shutt le 
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PROGRESS REPOR? 
RESEARCH AN5 TECHNOLOGY OPERATING PLAN 

Manaqement Proqress: The contract has been extended for an additional 8 months to 
May 31, 1974. 

Conclusions: 
fabr icated into c;seful structural compcments, such as, a shear beam with  properties 
exceeding that- of a’luminim a t  both room temperature and at 60OoF. Also,  resistance 
welding and mechanical joining methods were - found to be well within the state-of-the- 
art. 

It has been established that B/Al composites can be successfully 

P rob1 em: None 

Forecast: None 

i 

I. . 

i 

t 

I 

I 
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M S C  U l  10 73 31 93 7 

L. TITLE: 

Space Shuttle Cm-posites for P r h a q r  Structure , 
j. RESPONSIBLE INDIVIDUAL: TELEPHOkE: APPROVAL: 

E. E. Engler I 453 -4050 6. A. Pro11 
j. ACCOMPLISHMENTS (Mllestor.er. Problams. Near term actlvitler): 

- TASK: Graphite/Epoxy Metering Shell 

OBJECTSe(S) : 
a graphite/epoxy sheli structure as .applied to a metering structure of a space optical 
telescope system. 

To demmstraLe the dimensional stability and the structural integrity of 

APPROACH: Technology LnvestigatXons fn the areas of structural design and analysis, 
materials evaluation, fzbricathm, quality assurance, and testing will be conducted. 
Representative requirements of a large space telescope payload for the Space Shuttle 
will be utilized for the design, fabricatton, and test of a half-scale shell assembly. 
The potential of a shell structure in achieving a “cry high degree of dimensional 
stability under static, dynamic -2nd themal loads will be evaluated. 

STATUS: The contractor (&??era1 DSglamics/Canvair Aerospace Divfsicn) coaducted a 
preliminary design effort to compare truss and shell stnctural. concepts. IC was 
concluded that both concepts had the potential' for meeting the performance requirements. 
A half-scale shell structure wizh a full-scale laminate was selected for aa in-depth 
investigation. A laminate was designed for a nominal zero coef€i.cient of thermal 
expansion utilizing a selected graphitelepoxy material system. 
testing is currently be2ng done to conftrm the properties of the laminate design. 
ing for the fabrication and assembly of the half-scale shell structure has been 
completed. 

Structural element' 
Tool- 

-- -_I 

r. REPORT NO.: TITLE: AUTHOR(s): DATE 
TRANSMITTED 

t. 
Quarterly Progress Reports 
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PROGRESS R 
RESEARCH AND TECHNOL3GY WERATING PLAN 

(Conticuacion Sheer) 

I 
MANAGEMENT PROGRESS: None 

PROBLEMS: Inabi l i t y  t o  obtain graphite/epoxy tapes  on t h e  planned de l ivery  schedule. 

REPORTS: Quarterly progress r epor t s  issued under contract NAS8-28201. 

.. 

I 
I 
I 
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PROGRESS REPOPT 
’ RESEARCH AND TECHNOLOGY OPERATING PLAN 

. CENTER. 2. PER100 COVERED: 

- .  

MSFC 01 10 73 31 03‘74  
. TITLE: 

Space Shuttle Composites for Prfmary Structure - . RESPONSIBLE INDIVIDUAL: TELEPHONE: 

E. E. Engler 
. ACCOMPLISHMENTS (Milestones. Problems, Near term activltles): 

453 -405 0 

APPROVAL: 

G. 4. Kroll 

- TASK: Graphite/Rpoxy Meterjag Truss SSructurc Components 

OBJECTIVE(SL: To conftrm the structural integrity, manufacturing feasibility, thermal 
response and envLrmmenta1 sliitability of graphitelepoxy structural members for use on 
a space operational optical system. 

APPROACH: Conduct investigati6nS in,to materia? characteristics, configurations of 
structural components and joictn, fabricztion, quality assurance and testing to achieve 
components having a neer zero coefficfeat of thermal expansion. Representative require- 
ments for a large space telesccpe w511 be utilized for the design, fabrication, and test 
of a truss subassembly (twc struts plus an apex fitting). The potential of the selected 
graphite/epoxy material system -&en used in a truss design to achieve a structure having 
a very high degree of dimensional stability ana no adverse outgassing characteristics wl 
be evaluated. 

STATUS: 
for use in structures fox Space shuttle payloads. 
fabricated before the redirection has not: teen tested due to progrm priorities at MSFC. 

This development effort xas retirected to development of advanced composites 
The Boron/Epoxy Truss Beam Asscmbly 

For the redirected effort, the contractor (Grumman Aerospace Carp.) investigated 
various material systems and laminate orientations, 
cated and tested to determine strength, stifhess and coefficient of tbermal expansion 
values, and a material/lam-inate combination was subsequently selected. 

Element test specimew were fabri- 

‘hidity and 
- . REPORTNO.: TITLE: AVfWOR(s): DATE 

TRANSMIlTED 

Monthly Progress Report ’b 

r C  . -  
MSFC-Forfn365 (March19783 

-- I___-.. 
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PROGRESS REPORT 114 -08-04 
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((lonrinmtion Sheet) PAGE 2 OF 2 

Subcomponent tube butgassing tests were also cohducted on element test specimens. 
;yecimens were fabricated to measure the coefficient of thennal expansion in the antici- 
lated structural configuration. 

IIANAGKMENT PROGRESS: None 

?ROBLENS: Inabrlity to test boron/epcxy beam at MSFC. 

Mfficulty €n obtaining required accuracy with test instrumentation for 
;raphite [epoxy components. 

WORTS: Monthly progress repoas issued under contract NAS8-26675 

. - ._ .- . . 
I 

I I 
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PROGRESS REPORT 
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PAGE 1 OF 3 - 
CENTER: 2. PEAIGD COVERED: 3. C O W  

CURRENT NQ: PRIOR NO.: 

MSFC 01 10 73 31  03 74 1 1 5-1 7-04 11 5-1 7-04 
TITLE: 1 

- Shutt le  Guidance - 
TELEPHONE: APPR6VAL: p - 

RESPONSIBLE INDIVIDUAL: 
SGE-AERO-GG 
R. R, Burrows 205-453-0445 James C, B l a i r  

ACCOMPLISHMENTS (Ml05tOneS. P r O b l i z ,  Ne3r t6fm dctlvJtlOS): 

I_ TASK: Uniform Shut t le  Guidance 
NAS8-28425, i n te rna t iona l  Business Machines Corporation 
18100 Freder ick Pike 
Gai thersburg , MD 20760 

OBJECTIVE(S): 
t ion ,  able t o  complete complicated o r b i t a l  maneuvers wi thout  e i t h e r  on-board o r  ground 
based human intervent ion.  
guidance and contro l  i s  espec ia l l y  str ingent.  This e f f o r t  w i l l  be d i rec ted  towards 
the adaptation o f  the GLilOE algor i thm {developed under NAS8-24018 f c r  optimal space 
shu t t l e  ascent and o r b i t a l  gclidance studies) f o r  real-t ime optimal guidance o f  the 
space tug i n  appl icat ions such 2s t ransfer  from low ear th  o r b i t  t o  rendervcus w i t h  a 
synchronous equator ia l  sa te l  1 i te. 

The space tug i s  t o  be a v e r s a t i l e  too l  f o r  exoatmospheric transporta- 

As a resul t ,  the requirement f o r  r e l i a b l e  automatic 

APPROACH: 
guidance applications, A Solza formulation w i t h  termina? conscraints will be used 
w i t h  tuning o f  the mat r ix  t o  achieve a sg i tah le  compromise betiween the const ra in ts  
and fue l  cost  f o r  a va r ie t y  o f  missions, Complete s imulat ion o f  missions using two 
or  three burns separated by coast arcs w i l l  be conducted, The develgped a lgor i thm 
will be checked f o r  e f f i c i ency  I n  a real-t ime feedback guidance mode and i n  an 
on-board ta rge t ing  mode. 
implementation del ivered t o  MSFC, 

Current ly  e x i s t i n g  algorithms w i l l  be adaptsd to tu? resl- t ime optimal 

F ina l l y ,  the algor i thm w i l l  be documented and a FORTRAN 

, TITLE: AUTEO R(S): DATE 
BRANSMITTEO . REPORTNO.: 

F i  RST BENEFITTSNG ?RDJ€CT:'"SPACE'~TWG 
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. CURRENT NOJCODE: 

PROGRESS REPORT 115=17=04. 
RCS~ARCH AND TECHNOLOGY OrERATlNG PLAN 

OF 3 (Continuation Sheet) PAGE 2 

- STATUS: 
the atmosphere and i s  present ly k i n g  al tered t o  i n i t i a l i z e  w i t h  two new sets of 
o rb i ta l  elenents. The f ina l  program w i l l  include four separate ways t o  i n i t i a l i z e  
the target o r b i t  parsmeters and will automatically choose t o  sclve e i the r  a rendezvous 
o r  f i ve  constraint  mission An auto- 
m t i c  convergence technique was devised i n  an attempt t o  converge the three burn 
mission s t a r t i n g  from the near impulsive czse, 
down t o  a th ras t  m u l t i p l i e r  of 2, a t  which po in t  the target ing schem ceased t o  
converge, across the 
transfer o r b i t  where 'Ei is the impulsive ?rimer vector (costate) f o r  i n i t i a l i z a t i o n  
a t  perigee. 
used by the subroutine t o  solve for  a generalized eccentr ic anomaly was discovered 
and corrected, . 

Technica! Prowess: The GUtDE 711'6 algorithm was reprogrammed t o  remove 

depending on which parameters are specified. 

This technique worked adequately 

It: appears that  the problem l i e s  i n  the s e n s i t i v i t y  o f  

A previously undetected error  i n  the N3wton-Raphson i t e r a t i o n  scheme 

Manaqeinent Prowess: Work under t h i s  contractua? e f f o r t  i s  now scheduled t o  be 
concluded by June 30 ,  ;974. 

Conclusions: None 

-- Problems: 
out l ined above, 

Causes o f  Problems: The problerii appears to l i e  i n  the s e n s i t l v i t y  of u across the 
t ransfer o rb i t .  

Swqested Solutions: 
converger!ce as out i ined above i s  Zimitsd t G  the case where no mission information i s  
available, Since, i n  the real  world, mission information i s  avai lable f o r  each 
f l ight ,  the problem, i f  i t  cannot be solved completely, would s t i l l  not  be par t icu lar1 
harmful t o  the overa l l  resu l ts  o f  t h i s  e f for t ,  Work w i l l  continue, hwever, t o  f i n d  
a solution. 

Forecast: 

The major problem now encomtered deals w i t h  automatic convergeme as 

It shocld be noted that  the problem encountered w i t h  

A space tug rebl-t-ime optimal guidance a lgor i  thrn w i  11 be devebped 
OQ schedule, 

1 
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PROGRESS REP0 

1. C€NTER: 

Aero thermodynamic) s 

S%E-AERO-AI' 203 453-1163 Werner K, Dahm i!rxner 3. 'Ililsm 

*PI&K: f i f e  E.I . t i tuw Pime Expansion 
EZZ-24972, CSI spaxi Cqrporat ion 
P. 0. Eox 235 
B u f f s l c ,  IJew York 14221. 

-- 
TELEPHONE: APPROVAL: 5. RESPONSl8LE INDIVIOUAI_. 

5. PcCOMPLISHMiNT5 (Mllestcner. Prob'ems. Near torm activltia): 

OBJECTFIEfS): 
rocket exhaust flow fie'icls from both s ing le  and c lus te red  rocket nozzles a t  high- 
a l t i t u d e  ambient coiiditions. 

me objec t ive  of t h i s  research is t o  provide experimental d a t a  on 

APPROACH: 
i n  I! -0 short-aurat ion mocels w i l l  %e i m e s t i g a t e d  and the most optimum technique 
se l ez t e s .  
s e l ec t ed  technique. 

STATUS: 
i n  preference t o  a constant  vo3.ume techn5que because it allows c lose  con t ro l  of 
flow terminatfon, minimizing nozzle t h m a t  heating, an& proyrides c o n s t m t  charrber 
pressure f x  longer periods.  
of oxygen a t  pressures  approximately twice the desired enginc combustion chamber 
pressure,  
require  extensive devehpinent. 
t o  be 1300 p s i .  'Heat t r a n s f e r  and pressure data were obtained on a model using 
t h i s  technique which was designed and fabr ica ted  wider Hockwell In t e rna t iona l  Space 
Shu t t l e  funding. 

The f e a s i b i l i t y  of obtaining cmbust ion chamber pressures  up t o  3000 p s i  

Heat t,ransfer an3 pressure da t a  w i l l  be obtained on a model using the 

Technical Progress_ - A ccnstant  pressure cnmbustim techi ique was se lec ted  

Use of the constant pressure system requi res  handling 

A chamber pressure of about 3COO p s i  was found 50 be f e a s i b l e  but  would 
The most cos t  e f f e c t i v e  chamber presswe was found 

!These d a t a  were obtained during three check ou% f i r i n g s  of the  

TiTLEr AUTHOR($): DATE 
TRANSMITTED 

1. REPORT NO.: 
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CURRENT WO./COOE: 

PROGRESS REPORT 124-07-06. RESEARCH AND TECHNOLOGY Of'ERATING PLAN 

PAGE 2 OF 3 (Continuation Sheet) 
I__ 

I 
I 

STATUS (CONCLUDET)) 

model t o  provj.de p r 3 l h i n a r y  azta ea r ly  i n  the t e s t  grogram. 
t a sk  is complete acd t h i s  is a final report .  

All work on t h i s  

kanagement PrDqrsss - N o m  
Cmc=luciw~s - BE constant pressure combustor design was found t o  be the most 
desirat ls  up t=r chamber psssures of 1500 p s i .  
:; i e i f i c w i t  dL-relcrpment s f ' fo r t .  
:razf.er ~x1r1 pressure da ta  were obtained, the general  l eve l s  expected were con- 
f i h e d .  

Higher pressures  would require  a 
Although only a r e l a t i v e l y  small amount of hea t  

Substantially,more da ta  w i l l  be obtained during the Rockwell t e s t  program. 

Problems - None 

Forecast - None 

. -  

Publications - None 

i 
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PROGRESS REPORT 

RESE4RCH ANI; TECHNOLOGY OPE 
I. CCNTTR:  

MSFC 
t .  nT1.E: 

Space Shu t t l e  Advancad Primary S t ruc tures  
i. RESPONSIBLE I N  01 V I  DUAL: TELEPHONE: APPROVAL: 

ASTN 
J. M. Stuckey I 3-1222 f R. J, Schwinghamer 

j. ACCOMPLISHMENTS (Milastones. Problems, Near term actlvitier): 

- TASK: 

OBTECTfVE(S): To evaiuate arid optimize curing and processing conditions f o r  
g raph i t e  prepreg mater iah  through f ab r i ca t ion  of test  specimens and t o  develop 
r e a l i s t i c  design i n f c m s t i o n  for  coqos i ta  materials. 
epoxy laminates as the material f o r  the o p t i c a l  bench of t he  Large Space Telescope 
(LST) . 
APPROACH: I n i t i a l  e f f o r t s  are concentrated upon ava i l ab le  high modulus and high 
t e a s i l e  graphite-ep6xy prepreg materials. Test  pieces a re  being fabr ica ted ,  and 
the  physical and mechanical proper t ies  o5taiP.ed f o r  f in i shed  products over a wide 
temperature range are cor re la ted  with processing 2nd. curing h%tory. Optimization 
of cure procedures c s h g  2 d i e l e c t r i c  monitor w i l l  be s tudied.  
polyimide specimens provided under Contract NAS8-26198 w i l l  be t e s t ed  a t  -423"F, 
and cure procedures devehped under t h a t  program will be checked f o r  reproducib i l i ty .  
Based on ava i lab le  data  four  conrmercially ava i lab le  high medclus graphite/epoxy 
prepreg were se l ec t ed  f o r  q u a l i f i c a t i o n  t o  the unique requirements of the  LST. 

I n  Hause EEforC on Evaluation of Graphite Composites 
S h C  

Recently t o  q u a l i f y  graphi te /  
: .  

_ -  ._ I 

In  addi t ion ,  

_ -  - - - -  - 

STATUS: Technical Progress--Efforts on the repor t  on the evaluatzon o f  0!90 b i d i r e c t -  
i ona l  graphite/epoxy-phenolic laminates obtained from General Electric have been delay< 
Emphasis i s  being placed on high modulus graphite/epoxy laminates f o r  LST, Laminates 
a r e  being fabr ica ted  from three candidate epoxy prepregs and tes t  specimens a re  i i a l  - - . _ - -  

'. REPORT NO.: TITLE: AUTHOR(r); DATE 
TRANSM i TT ED 

1 



21 

RESEARCH AND TFCHNOLOGY OrERATlNG PLAN 
(Contiruation Snctt) 

mi$ (CONCLUDED): 
Datn on mechanical proper t ies  as fabricated a r e  being obtained a t  75'F and -100°F. 
wtal;urc sorptior.  t e s t s  have been in i t i a t ed .  

mn4~&mnt Progress--Emphasis sh i f t ed  t o  qual i fying high modulus graphite/epoxy 
:md,rintes for LST. 

mncjtiaions--Data shows a problem with graphi te  and boronlepoxy laminates from 
mnotwCcire sorpt ion;  polyhxide laminates are not  encountering the same d i f f i c u l t y .  
~ ~ ~ t r  on the pyrone resin!graphite lamipare show t h a t  more development e f f o r t  is  
raqtj red be fore  come r cia: .app 1 ica t ion. 

sxposure, moisture sorpt ion,  and mechanical property t e s t s .  

pt&im--Tensile t e s t i n g  a t  -423*F (temporarily postponed) has resu l ted  i n  specinien 
faj.hres i n  the reinforced area ra the r  than the t e s t  area.  
from program due t o  j m b i l i t y  of the prepreg sgppl ie rs  t o  obtain the bas ic  epoxy 
rewin which was discontinued by the manufacturer. 
ae 151 replacement. 

One prepreg eliminated 

Another prepreg has been ordered 

Cauno of Problems- -l?if ferencea i n  tnermal cxpanslon of adhesive and reinforcement 
add to  the thermal s t r e s s e s  introduced by the test temperature. 

- .  
Suggueted Solutions--Reduce misnnatc!i i n  thermal expansion by using a f i l l e d  adhesive 
t o  bund reinforcement and use reinkorcsments of g l a s s  or  grapLite laminates. 

'Foracnfit--The program i n  progresa should e s t a b l i s h  t h a t  graphitelepcxy cail be used 
f o r  L8T. 
injicrtte the more des i r ab le  laminates for LST appl icat ion.  

Thermal expansion, outgassing, and moisture sorpt ion-disorpt ion da ta  should 
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RESEARCH AN ERATiNG PLAN 

. TITLE: 

Atmospheric 3araeters 
‘1 PELEPHQNE: APPROVAL: 

George P i c h t l ,  S&E--AEXO-YA ‘Iw 205-453-3109 W i l l i a m  W. Va 
. ACCOMPLISHMENTS (~iiartonos, protiorns, bear term activitia6: 

I 
V 

TASK (1) 

TASK (23 

TASK (3) 

TASK (4) 
TASK (5) 
TASK (6) 

TASK (7) 

Definit ion 0: ar,d Effect  of Wind Shear on t h e  Operation of Aeronautical System: 

Fog Microphysiczl Research and Numerical Modeling of Fog 

Wind P r o f i l e s  Over  Hon-Uniform Surfaces Relative t o  Design of A i r c r a f t  and 

Atmospheric Parameters f o r  t h e  nef.inition o f  Clear A i r  Turbulence S t a t i s t i c s  

Wake S t ruc tu re  Nodel Development €or  Aeronautics 

Definit ion of t h e  Horizontal and Vertical S t ruc tu re  cf Turbulence f o r  Aero- 

Space Vehicles 

n a u t i c a l  S y s t a  Design and Operation 

S t ruc tu re  of Turbulence ic Severe Atmospheric Coneitions 

c; 
I 

- 

. REPORTNO.: TITLE: AUfHOf!(r): TRANSMITTED DATE 

I 

- c  . &‘_ 

(See Attachea) 
1 

- -  1 

FIRST BENEFITTING PXOJ’ECT : (See Attahhedj 
CI 

i 
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RESE.2dCH AND TECHNO 

MSFC 
4. TITLE: 

Atmsphe;ric .Parameters 
- 

5. RESPONSIBLE INDl '4 IWAL:  

George F i c h t l ,  W-AERO-YP- 205/453-3 109 
6. ACCOMPLISHMENTS (Mlfcntorus. Prorlrm:. Now twm actlvltiesl: 
TASK(1)Definition of and Effec t  of Wind Shear on the  Operation of Aeronautical Systems 
In-House E f f o r t  

NAS8-26600, University of Dayton Research I n s t i t u t e ,  Dayton, Ohio 

- 

NAS8-28136, Aeronautical Research Associates of Princeton, Princeton, N. J. 

OBJECTTVPS: To develop environme2;rtal qind aade ls  af low-level atmospheric shear flows 
f o r  the  sa fe  design and opera t ion  of aeroraut ica l  systems. 
the  steady-state and turbulen t  s p a t i a l  var ia t ions  of wind along the f l i g h t  path of 
aeronaut ica l  systems during the  take-off and landing f l i g h t  phases. 

The models s h a l l  define 

APPROACH: Develop models of win6 shear which define the  average, as w e l l  a s  extreme, 
wind shears  t h a t  could occur aver dnd around a i rpo r t s .  The ana lys i s  w i l l  primarily be 
concerned with wind shear i n  s t a b l e  air (night t ine flows) althou3h some comidera t ion  
w i l l  be given t o  unstable daytin2 3r.d neu t ra l  boundary layer flows. These s tud ie s  
will be based on analyses of atmospheric boundary layer  wind p r o f l l e  da ta  from the 
150-meter ground wind f a c i l i t y  a t  KSC and the MSFC eight-tower ground wind f a c i l i t y .  
In addi t ion ,  a i rcraz ' t  response s tud ie s  w i l l  be conducted t o  determine those magnitudes 
of wind shear which adversely d f f e c t  the landing and take-off of aeronaut ica l  systems. 

STATUS: Technical Prcgress: Tne e f f o r t  by John C. Houbolt of the  Aeronautical 
Research Association of Princeton, has been completed. This e f f o r t  was concerned with 
t h e  i d e n t i f i c a t i o n  of the  major problems r e l a t i v e  to the  d e f i n i t i o n  of low l e v e l  wind 
environments f o r  the  take-off and landing of aeroriautical  systems. 
NASA CR-2360 noted f i f t e e n  coaclusions and ei h t  specific:  reconmendations which ho e f u i ~  
. w i l l  be acted upon by the  NASA whenevcr p o s s i h e  r e l a t i v e  t o  technology developmen! 

The fixla1 r epor t  

% 

AUTHOR(s): DATE '. REPORT NO.: TfTLE: 
A Model of Wind 'Shear and James K. h e r s  TRANSMITT D 

J u l y  1975 
NASA CR-2288 

!turbulence i n  the  Surface 
Boundary Layer 

I 
I 

J u l y  1973 NASA CR-2287 Effect of Shear on Ai rc ra f t  James K. h e r s  ti 

NASA CR-2360 Survey dn Effec t  of Surface John C. Houbolt December 1973 

Landing: Jerry B. Reeves 
I 

Winds on Ai rc ra f t  Design and 
Operation and Recommendations 
for  Needed Research 

I 
I 

I 

-- ."E.* ... 
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Conclusions: The major conclusion of the  AItAP repor t  i s  t h a t  the problerr. :f 
maintaining con t ro l  of the a i r c r a f t ,  pa r t i cu la r ly  during hover, t ake-of f ,  approact- 
and landing, i s  probably &he a o s t  c r i t i c a l  design and opera t iona l  problem t h a t  i s  l s r i  

to surface winds and g w t s .  ?he repor t  fu r the r  noted t h a t  b e t t e r  sensors and cues 
o r  d i sp lays  t o  the p i l o t  a re  needed; it i s  very d i f f i c u l t  for  him t o  d e t e c t  what tF:e 

.winds and gusts  are doing, and what his a i r c r a f t  morions a re .  
v%re noted i n  the  r epor t .  It i s  planned t h a t  the FY75 atmospheric parameters reseiircz 
program w i l l  be designed t o  respond t o  many of the opera t iona l  and design de f i c i enc t r s  
i n  aeronautics,  where a p p w p r i a t e ,  as noted in t he  ARAP repor t .  
e spec ia l ly  t rue  for  wind and turbulence model development and the use of these  models 
in developing b e t t e r  proce2ure.s a t  aerodromes f o r  repor t ing  the  environment t o  piio:r, 

c r i t e r i a  and procedures for  repor t ing  low l eve l  wind environments (wind shear ,  etc.! 
t o  p i l o t s  pr ior  totake-off or landirig has been delayed due t o  funding c o s t  and 
ob l iga t ion  problems. 
coming o f  the new f i s c a l  year funding (FY75). 

1 
I 

i 

Other conclusions 

This w i l l  be 

Probiems: ?hi! work concerniugthe dwelopment of repor t ing  requirements, 

It i s  an t ic ipa ted  t h a t  these problems wil.1 be resolved with the 

Causes: See problem f o r  solut ion.  
Forecast: During the  next reporting period a research plan fDr FY75 

e f f o r t s  i n  the area of low l eve l  wind environment r epor t ing  requirements, procedures, 
and c r i t e r i a  w i l l  be developed, 

. -  

._ .. __I 

. .. 

_. - . ? 
. .  . . .  

. 
.- . . -. 
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. PROGRESS REK)RT 

Atmospheric Parameters 

-- 265453-3 109 
bI9mS. Ncir torm actlvitlos): 

I TASK@): Fog Microphysical Xesearch and Numerical Modeling of Fog 

Contract No.: NAS8-29533 Colorado S t a t e  University 
FL. Gollins,  Colorado 80521 

PBJECTIVE(S): 
laboratory simulated warm Cogs, perform s tud ie s  leading t o  the  development of techniques 
fo r  f i e l d  fog modification programs, and develop numerical models of fog formation and 
d i s s ipa t ion  techniqr;es f o r  use i n  predict ing success criteria for f i e l d  t a s t i n g  i n  

To study the  l ice  cyc le  and microphysical p roper t ies  of both f i e l d  and 
; 

the  future .  

APPROACH: To develop techniquas for use iil f i e l d  fog modification operat ions requi res  
B thorough understanding of a fog's micropkysicd c h a r a c t e r i s t i c s  under na tu ra l  condi- 
t ions  of formation and dissipa",on, as w e l l  88 how the  fog w i l l  react to t h e  modlf ieat io  
o r  d i s s ipa t ion  techniques. This research program w i l l  use previors  repores from other  1 
researchers ,  contracted t h e o r e t i c a l  and laboratory s tudies ,  inhouse laboratory s tud ie s ,  1 
as w e l l  as da ta  generated from f j e l d  test programs from a l l  ava i lab le  sources. 
da ta  w i l l  be used i n  providing t h e  knowledge zecjuired t o  develop the  most r e l i a b l e ,  
ecological ly  safe ,  and economic so lu t ion  t o  t h e  fog problem. 

- 0  STATUS. 
Colorado S t a t e  Uaiversity,  has completed a f i r s t - d r a f t  of t h e  Warm Fog Nuclaation Study 
report .  

c l e a t i o n  a c t i v i t y ,  e f f e c t s  of both ad7ertent  and 
ormation, s t ab i l i zn t ion ,  a=d ciissipation of 

These 

1 
Technical Progress: Dr, James Cormell, a ful l - t ime research a s soc ia t e  a t  

This repor t  covers a l i t e r a t u r e  survey of a l l  t h e  nucleants used in fog 

-- 
AUTHOR(r): DATE 

TRAQISMITTED . 

NASA CR-2201 "A F ie ld  I w e s t i g e t i o n  and E. J. Mack, Feb, 1973 
Numerica'i Simulation of Coastal W. J. Eadie, 

C. W. Rogers, W. C, Kocmond & R. P i l i t  
I 

NASA CR-2078 "Project Fog Drops, Pa r t  I: R. P i l i e ,  W. Fadie, Aug. 1972 
Inves t iga t ions  of W a r m  Fog E. Mack, C. Rogers, 

5r W. Kocmond 

W. Kocmond, E. Mack, July 1972 
U. U t a ,  & P.. P i l i e  

FIRST BENEFITTING PROJECT: Aeronautics 
I 
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CUR RENT NO./CODE: 

PROGRESS REPORT 501-08-10 
R E ~ A P C H  AND TECHKOLOGY OPERATING PLAN 

OF 23 (aontinuarior. Sheot) PAGE 6 - 
iTATUS (Coni' d) : 

gam fogs, a 3  flaw and turbulence aspects  in fog fcnnation and d iss ipa t ion ,  
Lnst-entaCLon raquirements €or present  and f u t u r e  research programs and suggested 
:esearch p r m z m s  which are needed t o  fill t h e  gaps i n  our present understanding of 
:he l i fe  c y c l e  oi W a r n  fogs. , 

prob lm.: None - 

Forecast: After a review by members af t he  Colorado S t a t e  University 
staff, t h e  rough d r a f t  w i l l  be s e u t  t o  t h e  COR for his comments. 

Funds have been obl igated s t a r t i n g  i n  FY-75 t o  continue the  
lmericat rnodellng of the  l i fe  zyele  of fog. 
ident i f ied  by t h e  CSU research personnel w i l l  be s t a r t e d  i n  FY-76 and the computer 
nodeling p lus  t h e  laboratory research should provide an exce l len t  bas i s  t o  p lan  
possible fie3.d tests of t he  var€oca materials which. prove t o  be most e f fec t iv2  i n  
laboratory E Q ~  d i s s ipa t i cn  t e s t i n g  s tudies .  

Laboratory research programs as 

t 
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RESEARCH AND ERATING PLAN 

ISFC 
TITLE: 

Ltmo spher i c  Farareter s 
_I- 

RESPONSIBLE INDIVf QUAL: TELEPHONE: . 

;. H. F i ch t l ,  S&E-AEXO-YA 205/453-3168 
, ACCOMPLISHMENTS ,Mtlrrtonsr, Probl*ms, Nsar term actlvitlor): 
CASK(3)Wind - Prof i l e s  Over Non-Uniform Swfaces  Relat ive t o  Design of A i rc ra f t  and 

Space Vehicles 

lAS8-29584, University of Tennessee Space I n s t i t u t e ,  Tullahoma, Tennessee 

IBJECTIVES: 
ind man-made obstruct ions.  The nodel w i l l  be used t o  calcul.ate t h e  flow over t h e  
zypical types of ground obstruct ions L'ound a t  snd i n  the  v i c i n i t y  of a i r p o r t s ,  
i e l ipor t s ,  etc. The r e s u l t s  will be analyzed t3 determice i f  hazards e x i s t  i n  t h e  flows 
re la t ive  t o  the  s a f e  operat ion of aeronaut ical  systems. The r e s u l t s  w i l l  be generalized 
io as t o  provide guidel ines  r e l a t i v e  t o  the  operat ion of aeronaut ical  systems over 
Low-level obs tac les .  

To develop a matbematical mociel of t h e  flow of a i r  over low-level na tu ra l  

PPROACH: 
!ayer equations for atmospheric flowc. 
xrbulence  w i l l  be expressed i n  terms of mean flow parameters. 
ind associated boundary conditions w i l l  be solved with numerical f i n i t 2  d i f f e rence  
:echniques t o  produce t h e  flow fieLd of a i r  ovo-r obs tac les  f o r  various geometries. 
cht: s e n s i t i v i t y  of the mcdel relative t o  the c losure  hypothesis to represent  the  d i s s i -  
)a t ion terms w i l l  be determined. Various geometries f o r  the  low-level sur face  obstruc- 
:ions (buildings,  s m a l l  h i l l s ,  e tc . )  w i l l  be  se lec ted  and an assessment w i l l  be  made 
>f t h e  character  of t he  flows relative t o  t h e  s a f e  operat ion of aeronaut ical  systems. 
b e  r e s u l t s  of the study w i l l  be v e r i f i e d  a t  MSFC with f i e l d  experiments. 

The approach w i l l  cocs i s t  of a mathematical model based 011 the boundary 
The d i s s ipa t ion  t e r m s  resulting from atmospheric 

The r e su l t i ng  equations 

_-  

'. REPORT NO.: TITLE : AUTHOR(r): DATE 
TRANSMITTED 

JASA CR-2182 A Boundary Layer Approach t o  Walter Fros t ,  January 1973 
the k a l y s i s  of Atmospheric J ,  B. Maus 
Motlon Over a Surface Obstruc- W. R. S inc l a i r  
t i o n  i 

1 

I 
........................................................................................ 
FIRST BENEFITTING PROJECT: Aeronautical (Aircraf t  Control Systems). & Space Shut t le  

I 

\ 

I 

I 
I 
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f ROGRESS REPOPT 1 
RESEARCH AND TECHNOLOGY OPERATlNG rLAN 

PAGE fl OF 23 
3. 1. CENTER: 2. FERlOD COVERED: 

01 10 73 31 03 74 MSFC 

a. TITLE: - 
Atmospheric Parameters 

5. RESPONSIBLE TELEW~ON~; APPROVAL? 

George H. Fich'il,  %E-AERO-YA 2051453-3148 W i l l i a m  W. Va 
5. ACCOMPLISHMENTS (Ml'aton4s. *robloms. Near trrm actlvitlosj: 

V TASK(4)Atmospheric Parameters f a r  the Defini t ion of Clear A i r  Turbulence S t a t i s t i c s  
In-I(ouse Effo r t  
OBJECTIVE(S).: To develop modsls of c l e a r  a i r  turbulence (CAT) with detai led wind and 
temperature profile data betwrzen 1 t o  18 km a l t i t u d e .  

APPROACH: The plan is Co r e l a t e  nondimensional numbers which define the flow over 
r e l a t i v e l y  small v e r t i c a l  s ca l e s  (100-300 m) t o  corresponding numbers defined over 
r e l a t i v e l y  la rger  v e r t i c a l  s ca l e s  (1000-5000 xu). This w i l l  r e s u l t  i n  conditional d i s -  
t r i b u t i o n  functions of smzll sca l e  Farameters g2Jem c e r t a i n  values for  the Large sca le  
def ining flow parameters. E ~ i s  data  analysis  w i l l  e s t a b l i s h  the s t a t i s t i c a l  r e l a t ion -  
ships  between the v a r i o u s s a l e s  sf motion i n  the  context of the selected nondimensional 
numbers. 
the Richardson number; however, it i s  possible t o  def ine o thers .  Once these s t a t i s t i c a l  
re la t ionships  a re  determiaed then the probabi l i ty  oE the  occurrence of CAT Ban be 
determined given the  large sca l e  rmndimensional numbers, provided t h a t  c r i t i c z i  non- 
dimensional numbers on the srral2 sca le  can be defined r e l a t i v e  t o  the generation of CAT. 
Assuming t h a t  t h i s  can be accouiplished, CAT occurrence climatology can be derived f o r  
various locat ions once the climatology of t h e  large scale  nondimensional numbers i s  
known, using r e l a t i v e l y  ava i lab le  rawinsonde data .  
re la t ionships  between the large and small sca le  flows w i l l  be f i r s t  determined for 
Cape Kennedy, Flor ida because of the  large da t a  base t h a t  now exis t s .  
STATUS: Technical Progress: Th!  technical  progress aurin? t n i s  reporting period 
has been concerned w f h  :he t h e o r e t i c a l  formulation of the problem of r e l a t i n g  large 
and small sca le  parameters ind ica t ive  of CAT. A se l ec t ion  of de ta i led  wind and 
temperature prof;les fo r  Richardson number analyses have been selected fo r  da ta  

One obviaus nondimensional number t h a t  w i l l  be used i n  the analysis  w i l l  be 

The development of the s t a t i s t i c a l  

--- . 
AUTWOR(8): OAT€ 

, REPORTNO.: TITLE: 
TRANSMITTED 

F i c h t l ,  G. H. and Dennis Camp, 1973: Spectral  S t ruc ture  of Tropcspheric Ver t ica l  . 

Temperature P ro f i l e s  over Cape Kennedy, Florida. -.I Journal of Geophysical R e e a r c h ,  E, 
6 218-6223. / 
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s ~ W S :  (continued) processing. 'IZlese data w i l l  be processed during the next 
reporting period. 

Conclusions: A t  the present time we. have no major conclusions to report. 
Problems : None 
Forecast: Work will continue on studies re lat ive  to  the developmnt of the 

Richardson number probability model for c iesr  air turbulence probability 
d e  terminat ion.  

. . -. 

. -  

I 

.i 
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PROGRESS REPORT I 
RESEARCH AND TECPNOLOGY OPERATING PLAN 

1. CENTER: 

MSFC 
4. nnx: 
Atmospheric Parameters 

TELEPHONZ: APPROVAL: 

G. H. F i c h t l ,  s6rE-P.XRO-YA 205/453-3168 
Near term actlvltle~): V 

TASK (5)Wake Structure  VcZe 1 D?ve lopmsnt for  Aeronautics l- 
WS8-29583, 'Wind Tuncel Inves t iga t ion  of Wskes Downwind of Buildings and Ha$ural 
Otktacles" Colorado S ta t e  Uriiveraity, Ft .  Col l ins ,  Colorado 80521. 

&S8-29582, "Feas ib i l i ty  of A i rc ra f t  Platforms t o  Measure Bui3ding Wakes fo r  Aeronautical 
Safety Applications ," Texas A&X University,  College S ta t ion ,  Texas 

OBJECTIVES: 
appl icat ion t o  the safe  operation of aeronaut ical  systems. 

77843. 

To determine the  s t r u c t u r e  of wakes downstream of low-level obs tac les  f o r  

APPROACH: 1. Data Acquisit ion 

a .  Detz*rmine t.k;p_ f e a s i b i l i t y  of probing these wakes with instrumented 
a i r c r a f t  to determine i f  usefu l  data r'or the development 03 wake models can be obtatned 
with a i r c r a f t  platforms. 

b. Determine the f e a s i b i l i t y  of obtaining r e a l i s t i c  usefu l  information 
about low-level obs tac le  wakes with wiud tunnels. 
basis of s i m i l a r i t y  considerations.  

Rea l i s t i c  da ta  w i i l  be judged on the  

2. Determine the  f e a s i b i l i t y  of obtaining usefu l  information about low- 
leve l  obstacle  wakes with meteorological towers wi th  the MSFC eight-tower a r ray .  

2. Selec t  optimum data  acqu i s i t i on  approach and c o l l e c t  data. It may tu rn  
__I 

TITLE: AUTHOR(r): D k l  E 7. REPORT NO.: 
TR ANSM 1 TT E D Nonthly Progress ReForts L 

i 
. '  I 

\ 

1 I 
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APPROHCH: (continued) ou t  t h a t  we need t o  use each approach out l ined  above. 

3.  Develop models of low-level obs tac le  wakes (bui ldings,  h i l l s  , t r e e s  , etc.) 
with data  usf-ng theory a3d dimensional ana lys i s  t o  guide the  model development. 

STATUS: Technical Progress: The Colorado S ta t ?  University (CSU) cont rac tor  has 
obtained wind t u m e l  data  with regard t o  the behavior of wakes downwind from buildings 
and na tura l  obs tac les .  Analysis of these da t a  by CSU is underway. The CSU wind tunnel 
data  a re  t o  be compared with na tu ra l  environment da ta  co l lec ted  a t  the MSFC e i g h t  tower 
array.  
da ta  due to recording d i f f i b u l t i e s .  
t o  eliminating these d i f f i c u l t i e s .  

. 

The Texas A&M UEiversity (TAMU) contractor has had d i f f i c u l t i e s  i n  acqui r ing  
This repor t ing  period has been pr imar i ly  devoted 

Mznagement Progress: Dwing the  reporting period a cont rac t  continuation 
was awarded t o  CSU f o r  coEtinuation of the  wind tunnel e f f o r t  i n  FY75. 

Problem: There Save been some da ta  recording d i f f i c u l t i e s  an  the  TAMU 
cont rac t  (see Technical Progress above); however, these  problems appear t o  be solved 
a t  t h i s  t i m e .  

Cause of Problem: See Technical Progress and Problems. 
Forecast: We look forward t o  a vigorous da ta  acqu i s i t i on  program by TAMU 

i n  the  next repor t ing  period. I n  addi t ion ,  CSU w i l l  be approximateiy one-half the way 
through t h e i r  da t a  ana lys i s  work and perhaps begin the  docunientation process f o r  
t he  r epa r t  of the FY74 work. c ,  * 

UISPC - Porn 350-1 (March 1973) 
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2. PERIOD COVERED: 3. CODE 
c- 

e,t NTERI 

01 10 73 31 03.74 CURRENTNO.: PRIOR NO.: 

133-6 1- 10 50 1-08- 10 _ .  ISfG -- 
-T,I rLE: 

, tw s phe r i c Par ame t e r s 

.~$IE;(6)DefinitLon of t he  t fcr izontal  and Ver t ica l  S t ruc ture  o f  Turbulence f o r  Aeronautical 
S stem &sign and Operation 
An t ra= ;  No. NM3-28659, University of Oklahoma, Norman, Oklahoma 

"- 
,fipZCTIVE(S); 
z r c e  i n  the atmospheric boundary layer  fo r  appl ica t ion  t o  the sa fe  operat ion a d  design 
If seronaut ica l  systems. 

,p~~OACH: Develop models of turbulence with enipirical/  t h e o r e t i c a l  techniques. The 
,pygoach involves the acqu i s i t i on  of atmospheric. turbulence data  from the KSC 150-meter 

and the NASA/MSPC four and eight-tower arrays.  These da ta  w i l l  be used t o  develop 
, t d & i s t i c a l  and s p e c t r a l  models of turbulence. 
' e la t ionship  between turbti lerce ve loc i ty  f l u c t u a t i m s  a t  d i f f e r e n t  po in ts  i n  space and 
. iu@ 
jxfibTu5: Twxtnicai mogress; 
xrff body i n  the  m-SA MS2C-.eighf tower a r r ay  were sslecLed €or analysis ,  "he data  have 
,epn sen t  t o  the  MSFC Computa2ion Laboratory f o r  processlng. The geonetry of the b l u f f ,  
brrtlY used i n  t h i s  f i e l d  program i n  r e l a t i o n  t o  the  loca t ion  of the  w i d  sensors t o  
n e ~ 8 u r e  the  flow about,  over,  and behind the b lu f f  body is  similer t o  the one used by 

b&$nd buildings and n a t u r a l  obstruct ions,  

2dliipleted. 
tec:hnau@ - f o r  measuring the_ tu rbu len t  properties of the atms+e.ric boundary l ayer  

ri&tl, 6. H., 1972: Probabi l i ty  Distr ibr t t ior  e f  Ver t i ca l  b n g i t u d i n a l  Shkar 

To def ine  the hor izonta l  and v e r t i c a l  s t ruc tu re  of atmospheric turbu- 

-- 
c 

The mdeL8 w i l l  descr ibe the s t a t i s t i c a l  

miring t h i s  reportirrg period five cases of flow over a 

CSU i n  t h e i r  wind tunnel  s tud ie s  of wakes behind buildings (see r epor t  on Task #5). 
r e s u l t s  of t h i s  ana lys i s  w i l l  produce a model of the  turbulence s t r u c t u r e  af wakes 

Management Progress: The contract  with the  Universi ty  of Oklakoma has been 
The cont rac tor  submitted two repor t s  on the  use of  the acous t ic  sounding 

TITLE: AliTHOR (I): DATE I 

I. fifiPORT NO.: 
TRANSMllTEO 

Fluctuat ions.  Journal  Applied kkteorology, 6 ,  918-925. - 
r i G h t l ,  6, H., 1972: Wind Shear Near the Ground and Ai rc ra f t  O p e r a t i a s .  Joiirnal 05 

A i r c r a f t ,  9 ,  765-770. 
I 
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CURRENT NOJCODE: 
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(Ccntiauftion Sheet) PAGE 18 0 ~ 2 3  

X paper by D r .  Prem Kumar concerning the s t a t i s t i c a l  p roper t ies  
re la t ive  to  the  safe operation of aeronaut ica l  systems. 
published a s  NASA CR's. 
of l a t e r a l  wind shear has been accepted for  publication and w i l l  appear i n  the  March 1974 
e d i t i o n  of the Journai of Applied Meteorology. 

Conclusions: The University of Oklahoma s tud ie s  have shown t h a t  the 
acous t ic  sounding technique i s  a v iab le  eethcd €or probing the atmospheric boundary 
layer  fo r  use i n  st.udit?s of atmospheric parameters r e l a t i v e  t o  the  safe  operation of 
aeronautical  systems. 

Pmding i n  the area of tu rb l lence  simulation has been low due t o  

These r epor t s  w i l l  be 

Problems: 
Y74 reho&c a l loce t ions .  
c-lfuved with FY75 res3urce.s. 

Forecast: 
If a program f o r  tbe developnent of nonstationary turbulence simulation models f o r  
ippl icat ion i n  a i r c r a f t  design s tud ie s  and p i l o t  t r a i n i n g  and chelkout. I n  add i t ion  
f f o r t s  w i l l  press  forward concerning the ana lys i s  of da t a  from the  MSFC e i g h t  tower 
irray . 

It is ant ic ipared  t h a t  these fuoding problems w i l l  be 

The next repor t ing  period w i l l  be concerned with the d e f i n i t i o n  -- 

-. 
. -  - i  

MSPC - Form 3iP1 march 1973) 
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. CENTER: 

1 10 73 31 0 
I. TITLE: 

APPROVAL: 

&L’ 
W i l l i a m  W. ughan - 

- TASK(7)Stl tc ture  of Turbulence i n  Severe Atmospheric Conditions 
‘7, NAS8-27334 Pennaylvznia S t a t e  University 

~ ~ ~ 8 - 2 1 1 4 0  Sta t e  College, PA 

oBJECTIVE 
in 
the safe +peration of aeronaut ica l  systenis. 

! S )  : 
qtmospneric conditions as found i n  thunderstorms, etc. f o r  app l i ca t ion  t o  

Develop models of t he  ho r i zcn to i  and v e r t i c a l  s t r u c t u r e  of turbulence 

Perf o m  scale and dimensional analyses t o  determine t h e  sca l ing  parameters 
Of the prvrOO, and synthes ize  hypotheses which can be used t o  model s t a t i s t i ca l  turbu- 
lence Par+?eters t h a t . a r e  r e l evan t  t o  rhe design and operation of space veh ic l e s  
Operating in severe weather ic t h e  atmospheric baundary layer .  

hmotheseG will then be used t o  develo? t h e  models of t h e  turbulence parameters. 

synoptic ‘&ale flow f i e l d  (using Cape Kenaedy, Tlor ida,  f o r  example), w i l l  be e s t ab l i sh -  
ed* if suLh r e l a t ionsh ips  do i n  f a c t  exist. 

The r e s u l t i n g  hypotheses 
be f$wiulated i n  S G C ~  a wag t h a t  +,hey car- be v e r i f i e d  by experimert. The v e r i f i e d  

In  
the r e l a t ionsh ips  betweer; t h e  sca l ing  parameters and the  meso-scale and 

These r e l a t ionsh iys  aad t h e  turbulence 
w’i ! be  used t o  develop the climatolcgy of t h e  turbulence parameters. 

h c h n i c a l  Progress: During the last repor t ing  period e f f o r t s  were expended 
in the aLhq of rurbulence simlli t t ion i n  severe atmospneric conditions. 
to date jhnk prhrnising r e l a t i v e  to the  development of new procedures which r e a l i s t i c a l l :  
produce 
Documenta~fon of the  e f f o r t s  concerning t h e  behavior of the cold a i r  ou t  f low of 
tunderst(’blnsis m a r i n g  completion and a r epor t  should be delivered t o  t h e  NASA i n  the 

NASA c”’di89 Variation of. t h e  TAW Level R. 1.1. S i n c l a i r ,  ‘r July 1973 
Winds During the Passane of I) R- A. Anrhes, & 
Thunderstorm Gust Front H. A. Panofsky 

The r e s u l t s  

nonstationary and non-Gaussian charac te r  of atmerpheric turbulence. 

-bn*h a ’. REPORT NQ . TITLE: AUTHOR@): T P P N C M l T f l l h  DATE 

January 1974 NASA CR-Yjel Determinstion o f  Crit j -cal  s. E. H i l i a rd  
Nondimensiona1 Pararoeters i n  
A i r c r a f t  Dynamic Response 
t o  Random Input 

& M. x. Sevik 

I 

1 
--------cc --------------------~”--------------------------------..----------------- 

V h ’ I T T I N G  --- 2kOJECT: eLeronautica1 (Vehicle Take-off and Landing) & Space Shv t t l e  

I 
I 
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(cootinvation Sheet) 

Problem:{: 
It i s  attcit ipated t h a t  thesz funding problems w i l l  be rzsolved vJith FY75 resources.  

Causes o f  Problems: See problems. 

Forecast:  
t h e  areca of  turbulence simulation and documentation of r e s u l t s  of simulations w i l l  
be in i t i t l t ed .  I n  addi t ion  t o  these e f f o r t s  the RTO? t echnica l  monitor w i l l  map out 
a The follow-on program w i l l  be concerned 
with the  de f in i t i on  of the  caus i t ive  mesoscale f ac to r s  which lead t o  severe 
meteorological conditions.  

A t  the  present time the only problem c0ncerni.l.g t h i s  e f f o r t  is funding. 

/ 

During the  aext  report ing p e r i s d  the  cont rac tor  w i l l  press fosmrd  i n  

follow-on program i n  t h i s  area.  

- 
CURRENT NO./CODE: 

, 501-08-10 

PAGE 21 OF 23 

.- - ... I _ .  . ! .. I _ - . . . . _ _  ....-.--. - 

- . .  
. . _  
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MS FC 
d. TITLE: 

Hazard Avoidance and Ellmination 

5. RESPONSIBLE INDIUIDJP L: TELEPHONE: APPROVAL: 

I W. K. Dahn 1 205-453-5912 - L 
(Mlerton~s. Problems. Noar term rctlvltl&): 

Task: 
-m8-28424, Haytheon Company 
Sudbury, Massachusetk 01776 

Objective (S): 
measurement and detection of clecr air turbulence for on-board airliner application. 

Development 'of a Laser Doppler Clear Air Turbulence Detection Syslem 

To determine the feasibiiity of developing a laser Doppler system for the 

Approach: ( I )  Evaluate data from fiighf test. (2) System ground test to precisely determine the 
as-flown condition (3) Make system modificaticn based on data evaluation. (4) Perform ground test 
on modified system. (5) Flight test, 

Status: 
datarom the field test i s  not complete at this time. The remaining grodnd test effort w i l l  be perform 
ed in the lab i n  order to evaluate Q number o.Csystem parameters which could not be adequately 
measured in  the field test. The results of the evaluation of the field test datu wi!l be used to con- 
figure many of the iab tests in  order that al l  questicns about CAT system performance be answered 
prior to the stctrt of system modifications. 

The field test phase of the CAT system ground test i s  complete, hawever evuluation of the 

Technical Progress: One of the major objectives of  the field test was to determine i f  the optical 
receiver was focused at infinity or at some finite range. The field test results show that the optical 
receiver is properly focused at infinity. 

r. REPORT NO.: TITLE: AUfHOR(6): DATE 
TBANSMITTED 

EWO-4203 Deueloprrcnt of a C02 Laser C. Sonnenschein 6/5/76 
Doppler instrunefitation Detec- A. Jelalian 
'tion of Clear Air Turbulence. 
Final Report. K.4Sb-3474 

W. Keene I 

E R72-4243 Development of C02 Luser Dop- C. Sonnenschein May 72 
pler li.zstrumentatiori $or Detec- 
$ion of Ctear Air Turbulence. 

A. Jefalian 
W. Keene 

Report, .&dification of 
AS8-24742 

I 
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CUR RENT No./cam: 

PROGRESS REPORT 501 -38-1 3 
 RESEARCH AND TECHNOLOGY OPERATING PLAN 

(antinuation Sheet) PAGE 2 OF 3 

STATUS (CONCLUDED) 8 

Conclusions - 
ihead of the circraif with Q pulsed C02 iasar Doppler system was demonstrated. However, duta 
waluation i s  continuing and a final conclusior: has not been reached at this time. 

Prc1;rninary resuits indicate thct +he feasibility of making turbulence measurements 

Problems - 
air returns in  marry instances when no return was obtained. Investigations are proceeding to resolve 
this dicrepancy 

Prsiimlnury asrosol data evaluation indicates that the system should have had clear 

I 

.. 

. .. 
.e 

- 
USFC * P o r n  350-1  (March 1973) 
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I 

TELEP:iONE: AWPIOVAL: 

W. K. Dahm 

Raytheon Company 
S ud bu ry , Massa c h use +ts 0 I776 

I 
1 
i 

OB JECTIVE(S): The laser doppler system yields atmospheric velocity information in the form of a 
&ift  in frequency of the signd. This shift i s  directly reluted to the wind velocity at the point of 
interest. To process the signa! into meaningful velocity information spectrum analyzers and fi Iter 
banks have been used wi:h limited success. This task will develop a "state-of-the-art11 signal 
processing system for laser doppler systems. 

APPROACH: 
tion, were difficult to align, and bulky. This effort wilt develop and design a system using the surfat 
wave delay line principle which wi l l  provide a satisfactory answer to the  problem of real time velocit 

Conventional processing systems had limitations i n  bandwidtlt, frequency, discrimina- 

infcrmation retrieval and display. 

STATUS: Technical Progress - 
A n c e  tests were observed by COR on Novemher 12, 13, & 14, 1973. Signal proczssor was 
received at MSFC November 27, 1-973 and integrated into the LDV-I system the f i rs t  week of 
December. The second processor was received at MSFC January 5, 1974 and the third March 12,1974 

The first signal processor was completed Pdavember 9, 1973. 

(Cont'd) 
AUTHOR(s): DATE 

TRANShlll"T'EC3 
t 

/ 

I 

I 

I 
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(Gntiniutioit Sheet) PAGE OF 

Al l  units operated satisfactorily i n  laboratory tech. Several flybys have been conducted uti l izing 
Gulfstream ana DC-3 aircraft for the p w p e  of  defecting generated wake vortices. I n  early runs, 
some degree of successful detection was observed. The fatest test on March 14, 1974 al l  runs 
resulted i n  successful vortex dstectlon resulted. 

Management Progress - A contract modification was submilted to include capability of  processor 
to drive the X, Y & L' display outputs to a remota display up to 1500 feet from sensor van. 
A receiver 'as to be provlded to accept, translate and invert these signals for displaying the outputs 
of two sensors (LDV systems) on a common display i n  proper perspective. This  work wi I I be done as 
a field modification to the processors. 

Conclusions - 
for the intended purpose. 

This contract resulted signal processors which provide a high degree of capability 

Problems - None 
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PAGE 1 OF 3 
3. CODE 2. CERiOD COVERED: _ .  

P t u o n   NO.^ 01 10 73 31 03 74 CuRRENTNo-2 - 501-38-13 501-38-13 

Hazard Avoidance and El.i.nination 

S&-AERO-AF 
3. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: m7 2 05 -453 -1 091 Werner K. D a h  -- James W. Bilbro 
5. ACCOMPLISXMENTS (hlllwtonas. Problems. Near term actlvltler): 

- 
TRA&%&ED 

/. REPORT NO.: TITLE: AUTHOR(r): 
I 

I 

\ 
1 

m: 
Laser Doppler Systems 
NAS8 -2 97 06 
Raytheon Company 
Sudbury, Massachusetts 01776 

Development of a Frequcx~cy Trans la tor  f o r  use with Atmospheric 

OBJECTIVE(S~: To develop a frequzncy t r a n s l a t o r  f o r  use with the atmospheric laser 
Doppler System. 
ve loc i ty  d i r ec t ion ,  thus optimizing system performance of atmospheric measurements. 

This t r a n s l a t o r  i s  necessary t o  remove t h e  ambiguity i n  determining 

APPROACH: Two methods f c r  frequaricy t r a n s l a t i o n  w i l l  be inves t iga ted ,  t h e  Bragg 
ce l l  and t h e  o f f s e t  laser. i n  t h e  Bragg ce l l  method, a por t ion  of the  outgoing 
laser beam i s  s p l i t  off  an3 t r a n s l a t e d  t o  a p a r t i c u l a r  frequency through the  use 
of acousto-optic techniques. 
f o r  heterodyne detect ion.  
provide t h e  l o c a l  o s c i l l a t o r  s ignal .  

The t r ans l a t ed  por t ion  is  used as t h e  l o c a l  o s c i l l a t o r  
In t h e  o f f s e t  laser method, a separa te  laser i s  used t o  

STATUS: 
out  without t he  Bragg e ~ l l  on March 11, 1974. This progmm has been delayed 
s u b s t a n t i a l l y  by la te  component de l ive ry  by tendors and various technica l  problems. 
The Bragg ce l l  u n i t s  are not operating s a t i s f a c t o r i l y  and w i l l  remain a t  t h e  
cont rac tors  f a c i l i t y  u n t i l  a so lu t ion  can be determined. The interEerometer 
assembly and d e t e c t o r  evaluation has beer, completed sa t iFfac tGr i ly .  

Technical Promess  - The f ina l  interferometer u n i t  w a s  delivered and checked 



-- - -- 
-4 2 .-- - - 

RESE’ARCH A N 0  TECHNO OPERATING PLAN 

I 
STATUS (CONCLUDED) 

Manavement Propress - me cont rac t  f o r  the  inves t iga t ion  of t r a n s l a t i o n  methods and 
f ab r i ca t ion  of three t r a n s l a t o r s  w a s  l e t  Apr i l  11, 1973. A change order w a s  
i n i t i a t e d  May 10, 1373, to d e l e t e  the  inves t iga t ion  of the o f f s e t  laser method and 
t o  subs t i t u t e  the design of 2n interferometer op t i c s  package. One complete op t i c s  
package w a s  t o  be assembled a d  the  mater ia l  f o r  two add i t iona l  packages was t o  be 
provided by the Raythecln Company. 
This w i l l  include the  assembly of the  o ther  two op t i c s  packages, the evaluat ion of 
th ree  GFE de tec tors  t o  be used wi th  the  op t i c s  package, the  design and f ab r i ca t ion  
of b ias  networks t o  be us2d wich the  de tec tors  and a complete ray trace of the  
opt ics  package and te lescope of t h e  LDV system. 
November 29,  1973. 

A modification t o  t h e  cont rac t  has been completed. 

This  modification w a s  e f f e c t i v e  
A no-cost extension w a s  granted t h i s  cont rac t  e f f e c t i v e  

February 20, 1974. 

Conclusions. - None 

Problems - None 

Fcrecast  - None 

Publ icat ions - None ,.’ . : 

-- 
MSFC Form 330-1 (March 1973) 
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4. I i T I - ,  

/. 
--- ,?' Avoidar.ce and Elimination 
5 .  HL',. , 

TELEPHONE: AWROVAL: 

2 05-453-1s 56 Werner K. Dahm _I__ -l- si.l   LE INOWDUAL: 
p& :!to-AF' 

'r. Hcr.6, M. Huffaker 
1 

' i + i M E N T s  (wl;ituner. Problomj. Near term activitirr): 
A 

~,4,':, 

p.  ' 4 3 8 4 ,  Physical Dyrramics 
B~,, BOX 1069 

OE" 
t c 2 : , r .  L V E ( S ) :  To develop theoretical models of laser Doppler systems. To outline 
G~~ ,r*rograms for understanding and improving laser Doppler systems performance. 
at', zte mathematical models of atmospheric targets (CAT, vortices stable-unstable 

heres). 

fe;.('ljH: 
and ~ility of performing ground based CAT measurements. 

tline of mathematical realizations of CAT, mountain wave turbulence, stable 
-stable atmospheres. 

T&t Planning and Modeling of CAT Regions in The Stratosphere 

. e y ,  California 94701 

--t'rYr 

- A  AVI, 
.Using theoretical models developed under previous contracts,determine th 

Determine the approach 

"h!, 1: Technical Propress - (I) 1. study to determine the rartge of conditj.on for 
at-, 
der ,heric wind velocity data has been cumpleted and r2ocumente.l. (2) A study to 

.;;ne the feasibility of measuring CAT and high altitude winds from a ground based 
8ec, ,  jcm using the CAT detection system %as Seen completed. 
dol. I~ry backscatter probles on the FAA optical system has been perfomed and 
prc., nted. 

'ire and data analysis to be csed in analyzing the results of the f'y-by tests 

-2 one-dimensional laser-Doppler scarsling system can determine three-dimensional 

el-  / (3) An analysis of the 

(4) Studies have been cmpleted which formulate the data redaction 

- at '? and JFX. ( 5 )  This contract effort was completed in January 1974. 
, REPOki 

TITLE: AUTHO%(r)r DATE 
, '7.: 

TRANSMITTED 

FIk 
RENEFITTING PROJECT: OAST Laser Coppler Vortex and Clear Lir Turbulence -2: 

1 Program I 
I 

I__- 

SFC - Fob,. 
' ? ? s o  (W 1S7J) 
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(Continuation Sheer) OF 3 

STATUS (CONCLUDED) 

Manapement Progress - Work is on schedule. This is a f inal  report. 

Conclusions - Study (1) has been implemented in the f i e ld  t e s t  program et MSFC. 
Study (2) w i l l  be used i n  evaluating the CAT detection system. 
been used tn detemitrizlg a solution to this design problem. 

Study (3) has 

CURRENT NO./CODE: 7 
I 5 01 - 38 - 13 - 

PROGRESS REPORT 
RESEARCH AND TECHNOLOGY Oi'ERATING PLAN 

Problems - None 
Forecast - None 
Publications - None 

. -  
- ~ . .  .____I_____. 

MSFC - Form 350-1 [March 1973) . 
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8. TITLE: 

Har;#rd Avoidance and El ix ina t ion  

TAsC-,: 

~ ~ s # - 2 9 8 2 4 ,  Leckheed Missiles & Space Company 
Huntsv i l le ,  Alabama 35805 

OBJ~,:CTIVE(S): Laser Doppler systems at MSFC have been employed f o r  monitoring 
gr,md winds, clear air  turbulence and a i r c r a f t  t r a i l i n g  vor t ices .  
a NASA-FAA agreement the  dcsign and development of a laser Doppler system f o r  the  
pritriary purpose of de tec t ing  and' manitoring a f r c r a f t  t r a i l i n g  vo r t i ce s  i n  an 
a i r p o r t  environment- w i l l  be undertaken. 

A~PJIOACH: 
sys&em t o  operate i n  a three-dinensiona; l i n e  scan mode and a two-dimensional 
plane scan mode. 
mode, I n  addi t ion  t o  t h i s  develcpment, the system w i l l  be upgraded to accept 
comtionents being developed under otiier cont rac ts ,  and f i e l d  teqt support w i l l  be 
provided for v e r i f i c a t i o n  of system parameters. 

STAqllS: Technical Pronreso - Fabricat ion of tne three-scan system has been 
cmpleted with the  del ivery of the  f ina l  unit t o  MSFC on February 20, 1974. 
find1 check out and acceptance of the  f i r s t  u n i t  del ivered has been completed and 
the o ther  two u n i t s  are present ly  undergoing f i n a l  tests at MFC.  The delay from 
the o r ig ina l  compfeticin da t e  i s  a r e f l ec t ion  of pr imari ly  increased complsxity i n  
the o r ig ina l  design. 

Development, Testing, Fabrication, and Delivery of Various Components 
_c 1 of Laser Doppler System 

- 
A s  a r e s u l t  of 

An au tw ,a t i c  scan system w i l l  be developed t o  allow the laser Doppler - 
This system w i l l  a l s o  operate i n  a search mode or  a detail .  scan 

The 

The system upgrade t a sk  has been completed wich otily minor 

7. REPOCtf NO.: TITLE: AUTHOR(8): DATE I t-- T M h S M l l 7 E D  

i 



- 
CURRENT NOJCODE: 

PROGRESS RErORT 501-38-13 
RESEARCH AND TECHNOLOGY OrERATiNG PLAN 

delays d w  to manpower difficulties. 
been delspd by primarily manpower dif;iculties, however the data processing 
program ii essentially cnmplete and is undergoing checks to reduce computation 
time. 

The system engineering/simulation effort has 

.&tnaXLmr-nJ: Progress - Contract effort was let April 30, 1973. 
t h e  e ~ ~ n t r r l t t  for an extended scape of work was let January 2 9 ,  1914. 
modificatfm t o  the contract for add3tfonal testing is being processed. 

Conclusima - sone 

A modification to 
A further 

: c  . / .... . 

I 

. ,. 
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. CENTER: I . 2. PERIODC 

_ i  MSFC 
1. TITLE: 

Hazard Avoidance and E l b i n a t i o n  -_ ,. RESPONSIBLE INDWIFUAL: TELEPHONE: APPROVAL1 
Srn-AERO-AF 
W i l l i a m  C. Cl i f f  

- TASK: 
NAS8-29606, Lockheed Miss i les  & Space Company 
P. 0.  Box 1103 West Sta t ion  
Huntsvi l le ,  Alabama 35807 

205 -453 - 1 15 7 Werner K. Dahm -- ,. ACCOMPLISHMENTS (Milsstcne. Probidmh N%r tarin actlvltlss): 

Study oa LDV Atmospheric Interrogat ion System 

OBJEXTIVE(S)-: 
ground-based laser Doppler velocimeter t o  determine i t s  capab i l i t y  f o r  measuring 

Fie ld  t e s t  and evaluate ehe f e a s i b i l i t y  of using a s ing le  MSFC 

' two- and three-dimensional atmospheric wind f i e lds .  
. .  

APPROACH: 
scan a s  w e l l  as a simple two-point s p a t i a l  measurement i n  atmospheric 3oundary 
layer  flows. The measuremeats a r e  t o  be made f o r  varying ranges between 10 t o  
5GO meters. 

Test a s ing le  ground-based WDV radiometer system employing a conical  

STATUS: Technical PrcmrEs.  - Two-point spatial measurements have been performed. 
Conical scan measurements r i c h  a ccnstant  c e n t r a l  angle and constant  foca l  length 
have been performed. constant c e n t r a l  angle and 
varying 'focal length have been performed. 

Conical scan measurements with 

Manapement Progress - AI1 progress repcirts required f o r  t h i s  cont rac t  have been 
received along with a final repor t  which has been accepted. 
term ina t  ed . T5is pro jec t  i s  . 

Conclusions - A s ing le  MSFC ground-based GO 
has shown f e a s i b i l i t y  f o r  measuring two- an8 three-dimensional wind components i n  

LDV system employing a conica l  scan 

. REPORTNO.: TITLE: AUTHOR(s): DATE 
TRANSMITTED 

- FIRST BENEFITTING PROJECT: Lasar iloppler Technology Pro jec t  
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atmospheric boundary layers. 
a reference signal has been shown to give the atmospheric wind direction while the 
Doppler freqrlencj indicates wind velocity. 
employing a two-point scan to determine two-dimensional wind velocity information 
were not remarkable. 

Phase correlatien of the Doppler velocity output with 

The results of a single LDV system 

This is the final report. 

Problems - lone 
Forecast - None 
Publications ., LMSC-HWC: TR D306888, "A Study on Laser Doppler Velocimeter 

Atmospheric Wicd Interrogation Systems," Final Report, 
Qctober 1973. 

- 

: - _  _. 
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2. PER100 COVERED: 3. CODE 
:. CENTER: ~ 

CURRENT NO.: PRIOR NO.: 

501-38-13 MSYC 01 10 73 31 03 74 

Hazard Abidance and EL iminat ion 

S&E-IkERO 0 
W i l l i a m  I .  c l i f f  

1. TITLE: 

TELEPHONE: AWROVAL: 7- 205 -453 - 1157 Werner K. D a h  

iT RESPONSISLT:;,,,:,~~~: 

5. fiCCOMPL'SHrLr;l~s rrvliiatoner. problems, NWI term activities): 

TASK: PnAchase of Equipment f o r  Laser Deppler System 
NASA/MSF:, 
S&E-MRV -!;F 
Inhouse 

(2: Purchase required hardware t o  maintain and optimize system performance 
and Cont:iuously upgrade system z'.n accordance with new developments i n  theory and 
i n s t r m e e a t i o n .  

APPROACH: Purchase off-the-shelf  items t o  insure test object ives  are met i n  the  
&or tes 

~'WI'W: 
wave plat?.  

$09 s i b l e  t h e .  

2echnical Progress - Purchases t o  d a t e  include a C02 laser and a 5/4 

- The C02 laser arid 5/4 xave p l a t e  have teen  rece i-Je d and 

conclusic~~~s - This is the  f inal  repor t  

Problems G None 
- 

Forecast - xone 
1 

/ _- 
/ 

1. REPORT NO.: TITLE- A W H O  R(s): DATE 
TRANSMITTED 

i 
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2. PERIODCOVERED: C O M  
PRIOR NO.: 

501 -38- 13 

I. CENTER: L 

01 10 73 32 03 74 501-38-13 
. MSFC 

1. TITLE: 

Hazard Avoidance and F4 imimt ion  
(Laser Doppler Wake V<-tex  System) 

s&E-AERO -AF 
TELEPHOffE: APPROVAL: 3. RESPONSIBLE INOtVIDUAL: 

Edwin A. Weaves 2 05-453 -2544 Werner K. Dahm 

- TASK: NASA SllpPort L ' - 'F .U  on Aircraf t  Wake Turbulence Problems 
y. ACCOMPL~SHMENTS ( w k o n t r .  frG,=,*, term rctivftfnl: 

OBJECTmE@l: 
environment. Measure >Sow d e t a i l s  ia the  cores  of wing t i p  vo r t i ce s  of low f ly ing  
aircraft-  Establish rudimentary vertex tracking system a t  Kennedy In te rna t iona l  
Airport  by 1974. 

APPROACH: 
w i l l  require  system ea!irtcerir,g studles of t h e  vortex problem and the  in t e rac t ion  
with the  laser system- 
observing and trackiny,, preparing test plans and data  reduction procedures; and 
evaluat ion methcds f G r  the cperational modes w i l l  be ca r r i ed  out. 
be fabricated,  assembi.3 and checked out wi th  v e r i f i c a t i o n  fly-by t e s t i n g  i n  the 
l i n e  scan and trackirr8mndes. 

STA"IJS: 
aircraft wake vortiCeb ,!as been assembled. 
ca l ib ra t ion ,  and testf.kg a t  the  MSFC test site. 
conducted a t  t h i s  s i te :  
Recent f l i g h t s  have b%s conducted for vortex de tec t ion  and tracking. 
a c-47 aircraft with v i l o c i t i e s  i n  excess of 40 f e e t  p e r  second have been tracked 
f o r  25 seconds- 
inspection have been chp le t ed .  A safe operating plan has ?.lso been establ ished.  
Spare Parts are on Ordki- and should arrive t o  support the  requested test phase a t  

1 system capable of tracking wing t i p  vo r t i ce s  i n  an a i r p o r t  

Develop a j-iser Doppler system t o  de tec t  and measure wake vor t ices .  This 

The developsent of a s igna l  processor and d isp lay  f o r  

Three u n i t s  w i l l  

Technical Prbir.esg - The scanning LaserDoppler syrtem f o r  de tec t ion  of - 
A two-van systen i s  i n  systen; check out ,  

Several €lyby testrshave been 
The iriitial tests establ ished operating plans and procedures. 

Vortices from 

A SYE'em sa fe ty  analysis,  s a fe ty  design revtew and hardware 

F. w d v  Tn+ei3i,lcio,.,al AirDort. 
1. REPORT NO.: AUTH@R(r)i DATE TlTtEi  

TRANSMITTED 

t 
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STATUS (CONCLUDED j 

The t h i r d  s e t  of hardware is Lstratalled a t  the laboratory for component and system t e s t -  
ing and problem solvtng. 
This enables var iable  range mzasurementa in  a control led environment. When 
laboratory t e s t ing  i s  complete the  equipment w i l l  be i n s t a l l e d  i n  van three  f o r  use  
in the  l i n e  s c a i  mode. 

This equipment i s  i n s t a l l e d  a t  a 100-meter o p t i c a l  tunnel. 

Sy8tem a f m u l a t k n  programs have been develope<. 
tracking is underway uslng these programs and the t racking panel from the  scan system. 
Data processing progrms have been aeveloped and debugged f o r  the high speed PCM 
data recor3ed during t e s t s ,  
the i n i t i a l  programs were wri t ten for  da ta  processing. 

Operator t r a in tng  for vortex 

Slow s p e d  data  algorithms have been developed and 

Planning i s  complete f o r  moving &he equipwent t o  the Kennedy In te rna t iona l  
test site. Van rnodiffcatians €or power, humidity and temperature cont ro l  are 
being made. 

Airport  

Management Prwress - Lockheed Missiles an6 Space Company w a s  se lec ted  f o r  system 
in tegra t ion  and t e s t i n g  a t  the  MSFC test site, 
been i n i t i a t e d  f o r  t he  reflaining e f f o r t  required by the NASA/FAA interagency 
agreement. 

A l l  major cont rac tua l  ac t ions  have 

Conclusions - The basic  system dzsiga q p r o a c h  is s a t i s f a c t o r y  for  vor tex  de tec t ion  
measuring and tracking. 

Problems - The frequency t r a n s l a t o r  shows a 10-to 13-decibel 
s ign i f i can t  power lo s s  w a s  ant ic ipated.  
continue independent of system tests. 
or without the t r ans l a to r .  
3 t o  5. 
r e s u l t . i n  a tiegraded system performance i f  t h i s  problem is riot resolved. 

powzr loss .  No 
Troubleshooting of t k i s  component w i l l  

The system w a s  desigaed t o  operhte with 

It: w i l l  
The focal  volume i s  larbcr than planned by a f ac to r  of 

Laboratory tests are being made t o  f ind  the reason €or  this. 

Causes of Problems - Cause of problem is being determined. 

0% - 
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CURRENT NO.: *PRIOR NO.: I 

. CENTER: 2. PERIOD COVERED: 3. CODE 

MSFC Q!. i@ 73 31 03 74 502-01-03 I 114-03-01 
I i 1 . TITLE: 

PRbPERTIES O F  MATEP.LUS FOP ELECTRONIC APPLXATIONS 
/-? / /  . RESPONSIBLE IND!VIDUAL: TELEPHONE: 

E , Urban, S&uZ-SSL-hT 45 3-5 130 
I. Dalins, S&E-SSL-N 45 3-5 137 

. ACCOMPLISHMENTS (Milasronos. Problems, Near term aCtlVltl8S): 

OBTECTIVE(S): The b e r w o d u c t i v i t v  research program w i l l  seek increased under- 
standing of the phenomenon of supercondwtivf ty  and mater ia l  improvements leading 
to  higher t r a n s i t i o n  temperatures, more s t a b l e  and less massive conductors, and 
more e a s i l y  fabr icaced instrumentation o f  greater s e n s i t i v i t y  and increased ruggedness 
for a wide va r i e ty  of space and ground appl icat ions,  such as superconducting magnets, 
s e n s i t i v e  magnetometers, i n f r a r e d  detectors ,  and magnetic sh ie lds ,  

The Surface Science program will seek t o  advance the understanding of var icus  atomic, 
molecular, ionic ,  and e l ec t ron ic  inceract ions a t  and on c r y s t a l l i n e  surfaces  having 
a bearing on physical ,  chemicsi, and e lec t ronic  processes of importance t o  space sciencc 
and technology, 
as the consequences of rhe exis tence of surface s t a t e s  pr imari ly  i n  semicocductors with 
wide energy gaps between the valence and conduction bands. 

The t echnica l  informaticn obtained f.rm this resczarch is  u s e f u l  i n  s o l a r  energy con- 
vers ion a s  w e l l  as o ther  e l ec t ron ic  processes occiiruingir. senicmductors  f o r  appl ic-  
a t i o n s  i n  l i g h t  amplif icat ion,  detect ion,  and generation of electrcmagnetic rad ia t ion .  
This research i n  sur face  science i s  pa r t  of a NASA-wide e f f o r t  (wcrkfng group). 

AE'PROACH: TLle primary research too l s  i n  the superconductivity s tud ie s  include: (1) 
u l t r a son ic  a t t enua t ion  and TTelocity measurements t o  determine the temperature and 
magnetic dependence o? t he  energy gap and o ther  parameters i n  ordered s~~perconduc t ing  
c r y s t a l s ;  (2) study of the  c r i t i ca l  propert ies  of new supercorducting mzter ia l s  
fabr ica ted  ch ie f ly  by, and t o  improve 0 E  knom mater ia l s  by, explosive shock 

Calculat ion of the  Temperature and Pur i ty  C. C. Sung 'L 

Dependence of Scund Attenuation jn Super- 
conducting Nb - accepted for publ icat ion 
by Physical  Review , 

Proper t ies  of Mater ia l s  f o r  Electronic  L. L. Lacy Peb. 1973 
Applications,  presented a t  the  F i r s t  
Annual MSFC Research & Technology Review 

This technicc l  e f f o r t  has been -eoriented t o  study the  o r i g i n  a s  well 

/ 

TITLE: AUTHOR(§): DATE 
TRANSMITTED . REPORTNO.: 

L. Le Lacy 

I 
I 

E. W. Urban 

I 

i 
Measurements of Ultraso2ic  Veloc i t ies  Using 
a D i g i t a l  Averaging Techrique, J. Acoust. SOC. 

L. Le Lacy 
A. C. Daniel 

of Am,, 52, p :89-195 
I 

1972 

I 

Ultrasonic  Absorption i n  Superconducting L. L. Lacy Aug 1972 
Single  Crys ta l s  of Nbl-x M k ,  pub1 Isb ed 
i n  t h e  Proceedings of the 
na t iona l  Conference on Low TemEerature Physics 
- - - - - - - - - - - - ~ - - - - - - - - - - - C - - r - - ~ - -  -__...------ " _ - - U I L - - - - . _ - - - - - - - _ - - - - L - - - - - - - - - - - - - - - - - - " - - - -  

FIRST BENEFITTING PROJEC?: 

Lrteench Inter-  

SlRERCONDUCTIVITY - Stanford Gyro R e l a t t v i t y  Experiment 
SURFACE SCIENCE - Solar  Power Generation Program 

MSFC: - Fotm 3 E 9 (March 1973)  
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compaction; (3) study of magnetic f l u x  pinning mechanisms and magnetic i n s t a b i l i t i e s  
through measurzments of magnetic flux flow, f lux  flow r e s i s t i v i t y ,  and the  peak e f f e c t  
i n  Type I1 superconducrors; (4) stiidfes t o  imprive t h i n  f i lm junct ion and microbridge 
instruments,  such OS magnetometers through t h e  use of advanced t h i n  f i lm,  mic roc i ru i t r j  
and superconducting mcterials charac te r iza t ion  techniques. 

The Surface Science s tud ie s  are fundamental i n  charac te r  but a r e  or ien ted  a s  much as 
poss ib le  toward solving the s c i e n t i f i c  problems encountered i n  GaAs s o f a r  c e l l  develop- 
ment. 
measurements of sur face  recombination ve loc i ty  because t h i s  parameter a f f e c t s  t he  solax 
ce l l  energy conversion e f f ic iency .  The e f f o r t  i s  performed i n  cooperation with MIT, 
where sur face  photovoltage spectroscopic methods 'nave been developed t o  gain in s igh t  
about the behavior of c e r t i a n  surface states. Equipment to measure these parameters 
on w e l l  character ized GaAs surfaces  especial ly  with l a w  Energy Electron Dif f rac t ion  
(LEED) and Auger Electron Spectroscopy (AES) have been, o r  a r e  i n  the process of being 

The major e f f o r t  is now being made t o  gain a b e t t e r  i n s igh t  and make pe r t inen t  

developed in-house, . _  

STATUS: Superconductiv& - During the repor t  period considerable progress has been 
made, p a r t i c u l a r l y  i n  the  thin superconductor f i lms and mater ia l s  s tud ie s .  The t h i n  
f i lm  s tud ie s  seek t o  develop very t h i z  unifcrm and continuous f i lms on quartz  sub- 
s t r a t e s  s u i t a b l e  f o r  use i n  sens i t i ve  i z s t r m e n t a t i o n ,  such 
f o r  magnetic moment measurements and s t r i p s  which may be etched in to  microbridge s t r u c a .  
t u re s  f o r  rugged, s t ab le ,  low curixn densi ty  Josephson jtinctions. Gpt ica l ly  t rans-  
parent niobium f i lms less then ';xlC-$ (501) t h i ck  have been reproducibly s p u t t e r  
deposited on two types of glass substrate .  
By guidiag the  e l ec t ron  beam of a scannin 
t o  make 10-7, wide i n  niobium f i lms  6~10'~ rc wide and as t h i n  as about loo8 ut, t o  form 
microbridge Josephson junct ions.  

zs narrob pickup loops 

These f i lms were superconducting a t  4 . 2 K .  
e lec t ron  microscope, i t  has been possible  

The materials s tud ie s  continue t o  aim toward superconductors with higher t r a n s i t i o n  
temperatures, c r i t i ca l  dields and c r i t i c a l  cur ren ts .  
Research Pro jec ts  Agency (ARPA) funds referenced i n  t h e  l a s t  repor t  have been received 
by MSFC and contracted t o  the University sf Alabama - Hunts-riile (UAH). A number of 
new shock wave compacted specimens have been produced and their proper t ies  a r e  now 
being measured. The P r inc ipa l  Invest igator  [G. Otto) attended the  recd'ht conference 
on Lat t ice  I n s t a b i l i t i e s  i n  Superconductors and obteined a grea t  dea l  of valuable  and 
pe r t inen t  information.. Preliminary s tudies  have been made t o  determine immiscible 
meta l lurg ica l  system candidates which vauld be l i k e l y  t o  exh ib i t  r,ew o r  improved 
sgperconducting proper t ies  i f  melted, mixed and r e a o l i d i f i e d  i n  reduced gravi ty ,  such 
as i s  ava i l ab le  i n  the  MSFC drop tower. The improvement of nondestructive mater ia l s  
charac te r iza t ion  techniques mentioned h previous r epor t s  has led t o  the  dev:lcnmerlt 
of an automated eddy cur ren t  dewy apparztiis i n  which it 5s possible  t o  de t e r s ine  
very rap id ly  the electrical  r e s i s t i v i t y  of a r b i t r a r y  shaped bodies as a funct ion of 

The Department of Defense Advance 

temperature without making damaging electrical of mechanical contact  t o  the specLmciis. 

Surface Science - Studies  of A t o m i c  in te rac t ions  of oxygen with clean sur facr :  were 
continued wich a combination of LEED and AES techniques. 
of the  GaAs (111) surface,  which occurs a fce r  extensive exposure to  oxygen, does not 
lead t o  the forna t ion  of the i r t p i e t  in the LEED patterr . .  
r e s u l t  appears t o  have broad consequences i n  supporting the  v a l i d i t y  of a mod 1 t::at 

It appears t h a t  o;.i:'..tion ~ 

This seemingly s i m y i c .  

I 

-- 
WSPC - Form 350-1 (March 2973) 
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STATUS : Con t ' d 

the  t r i p l e t  i.s i nd ica t ive  about t he  emphasized ion ic  bonding character  of the 
surface atoms. 
negative charge which-compensates thc c r y s t a l  p o t e n t i a l  due t o  the asymetric 
character  of chemical bonds i n  the GaAs  c r y s t a l .  
and AES a s  w e l - i  a s  the (s'neral concept of i o n i c i t y  i n  semiconductors was compared 
with other r e l a t ed  invcs t iga t ions .  
p roper t ies  ha# been reccignfzod long t i m e  ago, even as f a r  t o  the middle of 1930's 
( l i n u s  Pauling, Coalson e tc . ) .  
could very we31 be of grea t  importance in a f f e c t i n g  the  surface recombination 
ve loc i ty .  Theore t ica l  i w e s t i g e t i o n  shows t h a t  Coulomb centers  pos i t i ve  ions on semi 

. conductors w i l l  a t t r a c t  e lec t rons  from the  bulk i f  no t  screened by e lec t rons  avai labl  
i n  the  inversion layer .  This t heo re t i ca l ly  derived conclusion agrees with the f a c t  
GaAs s o l a r  ce l l s .  coated with a very t h i n  layer  of A 1  exhib i t  g rea te r  e f f i c i ences .  
Research at MIT co3tinued on the  refinement of the surface photovoltage spectro-  
scopy i s  t ry ing  t o  f ind  experimental paramecers t h a t  would y i e ld  information 
s imi l a r  t o  the recombinatior. ve loc i ty  measurements. 

"he. adsorFtion c j f  the electronegat ive oxygen atoms y ie lds  excess 

The r e s u l t s  obtained with LEED 

The importance of i o n i c i t y  i n  semiconductor 

Tbe concept of i o n i c i t y  i n  surface in t e rac t ions  

Manapement Progress: A seven (7) month extension of the Grant f o r  the complementary 
Surface Studies a t  MIT was i n i t i a t c d .  The period of performance was reduced a s  a 
r e s u l t  of funding 12m.:-tations. 
molecular beam apparatus sustta.j.ned bzsring t rouble  and necess i t i a t ed  re turn ing  
t o  the  manufacturer f o r  r epa i r s  around February 1, 1974. This irnposed c e r t a i n  
l imi t a t ions  on the  erperiinenral capabi l i ty .  A spec ia l  laboratory developed 
specimen manipulator has been tes ted  €or leaks on the  u l t r a  h?@ vacum sys tea .  
This m n i p u l a t o r  i s  designed t o  have fea tures  not  ava i l ab le  on conventional ones. 

Conclus!ons: Theoret ical  s tud ies  of the implicati.Jns of i o n i c i t y  ia semiconductors 
leads to  c e r t a i n  in s igh t  t h a t  warrants c e r t a i n  new experinencal imrest igat ions of 
the  atomic bondizrg of surface atoms. The information obtained by t h i s  nethod of 
a t t a c k  promises to  be about equally s i g n i f i c a n t  a s  the surface recombination 
ve loc i ty  measuremencs. The l a t t e r  has turned out  to  be a r a the r  d i f f i c u l t  
measurement to perfom.,  espec ia l ly  OR t e s t  samples character ized on atomic sca l e  

Tine turbo molecular pump on the  LEED AES and 

with AES LEED e tc .  
i 

'b 

I 

MSFC - Form 350-1 (March 1973) 
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REPORTS: Continued 

Joule Heating Power Dissiystfor, in  a Type I1 
Superconductor Tube, Ph53.s. Rev. B, 5 ,  3530 

Synthesis of Superconducting Compounds by 
Explosive Compaction of Powders. 
Patent # 3,752,665 

U. S, 

Shock Wave Synthesis arid Cha?XCt€KiZt%Khm 
of Nb3Sn, submitted to  Journal of the 
Less-Common Metals on March 5 ,  1973 

The Precipitation of L12 B i  from Supersaturated 
a-Phase, submitted to the J o ~ n a l  of the 
Alabama Academy of Sciences 

The Role of Trapping Pkotovoltage Spectroscopy 
Surface Science, Vol. 38 (1573) 252-256 

Surface Photovoltage Spectroscopy & Surface 
'iezoyelectric E f f e c t  i n  GaAd, SnrEaee Science 
Val. 40 (1973) 216-226 

Sticking Probabilities for  the Adsorption 
of Hydrogen on Clean JSi ( l l l ) ,  N i  (100) 
Ni Sheet and Evaporated N i  Films, Surface 
Science Vol 41 (1974.) 624-628 

The following ar t ic les  (papers) mentioned in  
ear l ier  reports as  submitted have appeared now 
in  the following: 

A Study of the Effectiveness of the Standard 

E. W. Urban 

U. Roy 
G. H. Otto 
Om Y. Reece 

G, H. Ctto 
U. Roy 
0 ,  Y. Reece 

G. H. Otto 

J. Lagowski 
H. C. Gatos 

J.  Lagowski 
I. Baltov 
H. C. Gatos 

A. Me Horgan 
I. Dalins 

1972 

Aug 1973 

Mar. 1973 

kug 1973 

1973 

1973 

1973 

Surface Cleaning Techniques as Applied t p  
Ni- (lll), and N i  (1001, and N i  Sheet using Auger Electron- 
ipecrroscopy (AES) - J. Vac Sci. Technol. 
Vole 10, (1973) 523-532 

I 
Adsorption of Hydrogen, Carbon Monoxide, and A. M. Horgan 
Oxygen on Vacuum Degassed Stainless Steel 
304 a t  2OoC, J. Vec. Sc i .  Technol. Vol. 10 

I 
I 

(1973) 559-56 

1973 

1973 
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PROGRESS REPORT 
RESEARCH AND TECHNOLOGY OPERATING PTL&h! 

SPACE VEHICLE THERMAL CONTROL 

5 .  RESPONSJBLL INUIVIOUAL: TELEPHONir 

Daniel Gates, S&Z-SSL-T - - / 3 -  3 10 2 
-- I I 

5. ACCOMPLISHWENTS (hUlatoncn, FrobI*mr, New torm actlvitler): - TASK: Thermal Control Coztings 
NAS8-285 - NETCO 3iiAS.8-26791 ITf Research Inat ,  NAS8-21270 Stanford Res. In s t .  

OBJECTIVE(S): 
y ie ld  a white pa in t  f o r  coa t ing  of any s i ze ,  shape o r  complex subs t r a t e  by normal 
paint ing procedure. While maintaining t h e q ,  ( i z f r a r e d  emissivi ty)  a t  0.9, t h e  a 
(sun spectrum absorption) w i l l  be  as low as posshSle, f o r  t he  l e a s t  load on the  
vehicle  thermal systzm. 
proper t ies  with extended "Limes of exposure t o  t h e  space environment. 

APPROACH: 
(1) Inorganic pe in t  technology - pigments and s i l i c a t e  binders,  (2) s i l i c o n e  binder 
development - methyl sj-l icoues of the RAT-682 and 01-650 types 2nd t h e i r  hprovement 
(3) pigmerit synthesis  = lax adso rp t im  edge ma te r i a l s  such as Zn2Ti04 and Caw04 and, 
t h e i r  treatment by r eac t ive  encapsulstion and cd lc in ing  of the sur face ,  and (4 )  general  
pa in t  s tud ie s  - s o l a r  simulation f a c i l i t y ,  c o r r e l a t i o n  w i t h  space experiment 
degradation of o p t i c a l  propercies fnvest igat ions,  and pa in t  surface pro tec t ion  systems. 

New equipment being used includes: (1) the CREF (combined r ed ia t ion  environmental 
f a c i l i t y ) ,  which exposes samples t o  vacuum, u l t r a v i o l e t  and proton r ad ia t ion  and 
measures t h e  o p t i c a l  p roper t ies  i n  re f lec tance  node &ile i n  vacuuv, and (2) the  ISSIS 
( in-s i tu  system f o r  i n f r a red  s tudies) ,  which measures sairqles ir, the  transmittance mode 
with s imi l a r  exposure t o  the  CICEP. 

4esearck on the development of t h c r n a l  cont ro l  sur face  coat ings w i l l  

nt f,he same t h e ,  t h e r e  thust be l i t t l e  change i n  these o p t i c a l  

The dsvelopment of thermal cont ro l  su r f ace  coat ings has the  followtng phases: 

resu l t s ,  

I. REPORT NO.: fiTLE: AUTHOR(s): DATE TRANSMITTED 
Inves t iga t ion  of Environmsnt Ef fec ts  on Coatings G. A Z e r l a u t  'b 197 1 
f o r  Thermal-Control of Large Space Vefiicles. J. E. Gi l l igan  
Fina l  repor t  on Contract NAS8-5379, N. A. Askford 
' IITRI Repcrt # ILTRI-U6C02-97, October 9, 1971 

Recent Advances i n  Env!iroiunental Testing of Thermal 
Control Materials, presented t o  the AIAA 7th 
Thermophys ics Conference, San Antonio, Texas 

I 
Apr 1972 

Advanced Technology Developments i n  Thermal. G. A. Zer laut  Pay 1972 
Control Mater ia ls ,  inv i ted  paper presented - 
to  74th Annual Meeting of h e r i c a n  Ceramic 
Society,  Washington, D, C., May 9, 1972 

i 
----_-----_-__-_-_--_____^___I__________-----------------------------------------~--~--- 

I 
FIRST EENEFITTING PROJECT: SKYLAR 

I 
, I  
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RESEARCE AND TECHNOLOGY OPERATING PLAN 
(Continuadon Sheet) 

REPORTS: Continued 
! -- 

Thermal Control Mazerials and Technology J.  E. Gi l l igan  July 1973 
i n  the 1933's. Presented t o  the ASW G. A. Zerlaut 
In te rsoc ie ty  Coni'erence on Znvironmental 
Systems, San biego, CaZ.  

A Review of Currezt Refractory Composites S. A. Bortz July 1973 
Research i n  Ceramics, Presented t o  the 21st Y. Harada 
Meeting of Refrsctory Composites Working 
Group, Los A l m o s ,  M4 

Improved ZnzTiOq Thermal. Control Pigment. D. W. Gates O c t  1973 
Presented a t  rhe 26th Pac i f i c  Coast Meeting J. E. Gi l l igan  
of the  American Cerzmic Society,  San Francisco, 
Cal. .. I' 

Report #IITRI-C6233-28 (Trtannual Xeport) Devalopment 3. E . Gil l igan  
of Space Stable  Thermal Control Coatings €or  
Use on Large Space Vehicles. Jan. 1 through Apr. 30, 
1973. 

Report IITRI-C6233-32 Trisnnual Report, 
Development of Space Stab;& Thermal 
Control Coatings for Use on Large Space 
Vehicles. May 1 rhru Aug. 31: 1973 

Y. Harada 

J. E. G i l l i g r n  & Y. Harada 
, 

Sept. 1973 

ZnzTiOq Pigment for Use i.-l Thermal Control 
Coatings i n  Space. 78th Annual Meeting 
of the  Pmerican Ceramic Society, 
Chicago, I11 May 1, 1974 

Current Technology for  Dzvelopment of 
LOW &&Coatings. 
In t e rna t iona l  Conference ''Evaluation of 
Space Environment 03 Materials" (ESRO 
sponsored), Toulouse, France, June 1 9 ,  1974 

i I 

D. W. Sa tes  
T. Harada 
W. R. Logan 
J .  E. Gi l l i zan  

May 1974 

J. E. Gi l l igan  
P. Harada 
3. W. Gates ?Y 

June 1974 
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LESS REPORT. 1 I - 

R - d f i ~ c ~  AND 7EXHNOLOGY OPERATING PLAN 
PAGE ?. OF ' 3 

2. PERtOD COVERED: . 3. CODE 
 CURRENT NO.: PRIOR NO.: 

502-21-28 114-03- 07 
01 10 73 31 03 74 

CENT€% 

S F  
e- 

TITLE: 

AppRw@ Hoy . Weathe r s  dz!Ld%L 
TASK: 
r 

Contract :  No. 
*HAS 8 - 2 '1 2 6 8 

C c n t r a c t o r  
W a l t e r  C. McCrane  A s s o c i a t e s  
Commonwealth Scient i f ic  Cor  p. 

-- 
TITLE: AUTHOR@): DATE 

TRANSMITTED '. REPORf NO*: 

The Application of Polo- R o b e r t  L. Kurtz  t September NASA ?'M R-409 
p p k j  as a Rea l -T ime  
Three- Dimens iona l  
Motion Picture C a m e r a  
I 

197 3 

kontaminat ion  Assess-  R o b e r t  J. Naumann October  
197 3 en t  a,nd Cont ro l  in 

c i en t  if ic Sa tellit e s 
I 

C O h m n  Dens i t i e s  Resul t -  R o b e r t  J. Naumann October  15, 
{big from Shuttle Subl ima-  
for /Evzpora to r  Opera t ion  

.k. Survey  of A%SS 

p n a l y z e r s  axid Phi l ip  W. T a s h b a r  1973 

1973 . 

F 
W. Walding M m r e ,  Jr. November  

I 

I .  



CURRENT PJO./CODE: 

PROGRESS REPORT 5 02- 21- 28 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

(Continuation Sheet) PAGE 2 OF 3 

STATUS: 
f r o m  vacuum condensable  material can  b e  cont ro l led  m o r e  e sa i ly  than tha t  of 
par t icu la te  geners t ion  and migra t ion .  
pa r t i cu la t e s  tkan are s y s t e m s  whose opera t iona l  wavelengths are in the  v i s ib l e  or 
i n f r a r e d  reg ions .  Optical  snmples  exposed on f l ight  experimen'i  T-027 have  been 
r e t u r n e d  to the  l a b o r a t o r y  and analyzed.  

Skylab exper ience  has shown tha t  thin f i l m  deposi t ion and agg lomera t ion  

X - r a y  oFt ical  systems are m o r e  sens i t i ve  to 

A r e p o r t  of the  r e s u l t s  h a s  been  published. 

" .  

- . .  

- r  
.. v , 
. .  _ .  : :  . .  

. . *  . 
. .  

- .  

E E; 
_ _  

. c  

I .  

I 

- . .  . .  

r- 
. -- 

MSFC - Form 353-1 (Match 1973) 
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PROGRESS REPORT 

PaGE 1 OF 3 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

2. PERIOO COVERED: CODE 1. CENTEW: 
--*-- ..-- 

RfOR NO.: 
MSFG - (ll. IO 73 

---_..- L. TITLE: 

E nvi r onme nts.1 TI e s i gn Cri ter ia  
j RESPONSILLE INDIVI DTAL: TELEPHONE: ' -ymcw/y---~~ - 
@SMGAEKO-Y~ - 

I .  cpc;w Eobert E. Smith 205/453 -3 140 illiam W, Vaughan 
_I_-- i ACCOMPLISHMENTS !*testones, Crowoms. Naar term activities): 

TASKS: ( 1  1 ThtoreticzZ Model of Thermospheric Heating 
Contract Ne, NAS3-25750, University of Alabama, Huntsville, AL 35810 

(2) Traveling Ionospheric Dis tarbar-ce s 
Contract No. NA58-29317, University of Alabama, Huntsville? AL 35810 

OBJECTIVE(S): Complete the developnient of technically sound and concisely written 
engineering descriptions in  ;he earth 's  ground winds, inflight winds, inflight atmos- 
phere? surface extremes, sTace and terrestrial environment, lunar surface, earth 
orbit, planetary, and other environments in which space vehicles m a y  be expected to 
operate. 
ground, flight and other means to determine the need for  updating or modification to 
engineering design criter ia documents, reports, .and monographs. The resultihg pro- 
duct shall  provide engineecing interpretations of the environment applicable to design/ 
bperation problems and cse in develapment of specific space whicle design criteria. 

To examine, on a continuing basis, natural environment data obtained f rom 

APPROACH: (1) Develop a theoretical model from basic principles and adjust result- 
ing equation parameters so that calculated results agree with okservational data f rom 
satellite orbital decay analyses. 

(2) Devslop an empirical/theoretical model of the effects of traveling 
ionospheric distrubaqces (TID) on the neutzal atmasphere. 
data f rom Doppler a r r a y  and ionosonde data. 

Model to be h s e d  on TID 

-I_- 

I. REPORT NO.: TIT LE: AUTHOR(r): DATE 
TRANSMITTED 

?IRST BENEFITTING PROGRAM: Space Shuttle - 
i I 



;c'I f CLUSIONS: 
- , 

Three dimensioml IIw ionosphere and. Joule heGting of the thermo- 
gtc)it* ye  have been 
c t i  I f  rv leted due to a lack Of c o r r o b o r a t i ~ ~ ~  observational data and 2 lack of funds which 

t h e o r e t i c a l l V :  however, engineering models could not be 

ad the work to be terminated. 
C d l l H  

E + I. j,l@LEMS: - 

i 
F L  \ \ I  + k:CAST: 
c- 

1 Contract in these a r a & M  have been tezminated as of March 3 1 ,  2974. 

\ 
i 

I 
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L. TITLE: 

Environmenal Design Criteria 

Environmental Design Criteria 
Contract No. H-Wt(94A; H-95S6flA 
NOAA-EDS, P;atfonal C!.irnatic Center 
Asheville, North Carolina 28801 

Statistical Studies of Atrnospherict Variables Related to the Space Shuttle 
Program 
Contract No. NASS-2,?226 
Appalachian State University 
Department of Mathematic 8 

Boone, North Carolina 28607 

Martian Surface MQ dels Monclgraph 
Contract No, NAS8-29605 
T R W  Systems Group 
TRW Inc., 1 Space Park 
Redondo Beach, Califmnia 90278 

--- 
r. REPORTNO.: TITLE8 AUTWOR(sJ: O k f E  

TUPfkSMlTTEO 

I 
--------,--------,-------------------------------------------- 

FIRST BENEFITTING PROGRAM: Space Shuttle 
!IT--- 
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I 
RESEARCH AND TECHNOL rERAT1NG PLAN 

OBJECTIVE: Complete  the  deve  
engineer ing ciescr ipt i  

, a t m o s p h e r e ,  and  s u r f a c e  e x t r e m e s .  
environment  da t a  obtained f r o m  ground, flight, and  o ther  means  to deter.mine the need 
f o r  updating o r  modif;ring engineer ing  design c r i t e r i a ' d o c u m e n t s ,  r e p o r t s ,  and mono- 
graphs.  

s p a c e  vehic le  des ign  c r i t e r i a .  
per t inent  da t a  into a useable  set of s u r f a c e  models  of the M a r t i a n  s u r f a c e  fo r  s p a c e  
vehicle  des ign  purposes .  

APPROACH: 
appl icat ion to the  o v e r a l l  space vehic le  s y s t e m  and assist in  the in t e rp re t a t ion  and 
uti l ization of t hese  dzta. 
the desc r ip t ion  of natural- envi ronment  p a r a m e t e r s  for  appl icat ion to vehic le  engineering 
des ign  and  ope ra t  bna l  p rob lems ,  p e r f a r m k g  s tudies  of terrestrial envi ronment  pa rame  
ters and  formula t ing  sc i en t i f i c  and  errgi?aeer,ing docrxnentation on n a t u r a l  envi ronment  
in the f o r m  of r e p o r t s  o r  monographs .  
Monte C a r l o  p r o c e d u r e s ,  (2) mul t iva r i a t e  aaa lys i s ,  (3) dec i s ion  theory ,  (4) combina to r -  
i a l  a n a l y s i s ,  and (5) probabi l i ty  theo ry .  Col lect  and  rev iew M a r s  surface data. 
wi l l  include M a r i n e r  IX a n d  Hnss i an  o r b i t e r s  M a r s  2 and 3 da ta ,  along with M a r t i a n  
s u r f a c e  da t a  p r i o r  to M a r i n e r  IX. F r o m  the da t a  co l lec ted ,  fo rmula t e  Mars s u r f a c e  
models .  
rASK 1: 
STATUS: Techn ica l  P r o g r e s s :  A comprehens ive  s tudy  desc r ib ing  Cape Kennedy wind 
s h e a r s  at  s e v e r a l  a l t i tudes  o v e r  6, 12, 24, and 48 kours was completed.  
hose a l t i tudes  a n 6  t i m e  pe r iods  chosen  f o r  publication have been printed.  Eight  y e a r s  
)f Vandenberg AFB rawinsonde winds a lof t  have been made  s e r i a l l y  comple te .  
vinds will  be used  fcr Space Shut t le  launch and  en t ry  s tud ies .  

e r i o d  of p e r f o r m a n c e  to Dec, 3 i s  1994. 

To examine,  on ii continuing b a s i s ,  n a t u r a l  

I 
I T h e  r e su l t i ng  product  shall provide engineer ing in t e rp re t a t ions  of the envi ron-  

merit appl icable  to desigri/ol;erati.onal problems and  u s e  in development  of spec i f ic  I 
To fo rmula t e  tke  ava i lab le  knowledge, expe r i ence ,  and 

E s t a b l i s h  e a r t h  n a t u r a l  environment  criteria for  des ign  and engineer ing  

T h i s  w i l l  include developing and evaluat ing new methods  for 

Stat is t ical  methods  will be used  including ( I )  

Data  

Graphs  of 

T h e s e  

Management  P r o g r e s s :  Cont rac t  H-95560A modif ied to add $30K and  extend 
L 

d a t e d  s tudies .  

ROBLEMS: None, 

ONCLUSIONS: 
s r ia l ly  comple t e  winds are a e c e s s a r y  t o  sa t i s fy  Space Shuttle launch and landing wind 

T h e  de ta i led  Cape Kennedy wind s h e a r  a n a l y s i s  and the  Vandenberg 

1 
I 
i 

I 
3RECAST : Direct- 
l ec ted  con t r ac tua l  efforts and r e v i s i o n s  in  the  extensive technica l  r e v i e w  and c r i t i c a l  

Continue' work  toward  complet ion of des ign  c r i t e r i a  monograph.  

a l y s i s  of a t m o s p h e r i c  p a r a m e t e r s  conzerned  with e n t r y  heat ing models  and a t m o s -  
eric dynamics  in pa r t i cu la r .  

1 '  I 

r 
i 
\ 

C - Form 350-1 <March 1973) 
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RESEARCH AMC TECHNOLOGY OERATING PLAN 

STATUS: Technical Progress:  It appears a member of the gamma familv w i l l  exdain 

is being .prepared. 

bivariate normal distribution which is applicable to a problem related to the Space 
Shuttle. 

A report is being prepared on the application of the multivariate Beta distribution to 
cloud cover at two or  more staticns and over different time periods. 

PROBLEMS: No significant problems. 

FORECAST: In addition to the Droblerns aireadv solved investiga,tions a r e  continuing 

variability i n  nonlinear systems, (3 )  convalution 
launch delay risk distributions. 

of distribution functions, and (4) 

draft form. 
have be en initizted . Appropriate reviews by the technical monitors and various NASA centers 

None. 

A final report  is due in May 1974. 

i 

PROBLEMS: 

. 

1 
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PROGRESS R E g T  

I P a G E  1 OF 2 RESEARCH AND TECWNCZLOG’f DQERATING PLAN 

C E N T E R :  2. %RlOD COVERED: 3. COO€ 

MS FC 10 73 31 03 74 5G2-22- 1 1 
PRIOR NO.: CURRENT NO.: 

,-- 

TITLE: 

Space Vehicle Oynamiss 

J. 8 .  Herring -7:;; 
TASK: -. DeveIopment of  Ebdif 

3BJECTIVE(Sl: 1 .  TQ develop and ~ p p l y  mechanical impedance concepts to  establ ished 
nethods o f  der iv ing component test  c r i t e r i a .  
2 .  To compare the impedance ratio concepts t o  the constant mass attenuation method 
md show d i f ferences . 

Document developmenrs, demonstrations, and methods of appl i ca t  ions i n  a technical 
report a t  the des i gn engi new ‘ S  1 ey91 

RESPONSIBLE IN01 V I DUAL: APPROVAL: 

- H. R. Coldwater 
ACCOMPLISHMENTS (Mlfcntoner, Problcmr, Near totn ,ctlvltles): 

Vis”ation Test C r i t e r i a  fo r  Qual i fy ing Space Vehicle 
* Components NAS8-30630 Wy 1% Laboratof ies  

VPROACH: 
3ased on 
NAS~-258 1 

The computat ion of input impedances o f  component and primary s t ructure w i  1 1  bc 
nomograms and design char$: developed unc‘er the force spectra program, referencc 
1. No computer prograns h i l l  be used i n  the calculatioGs. Examples and 

jemsnstrations w i l l  be used to i1Icr;trate the s igni f icance of theimpedance r a t i o  concept: 
The modified response spectrun of tg,e primary s t ructure a t  component atzachment points 
Mil 1 be computed by the fol  IoMing e?ljption: 

.a: 
z 

z5w +?‘b) 

I -  

3?ct(bJ) = -I*lw) -- 
LCUf = PSD of unloaded prlmary s t ructure response as defined by current method 

& ( a t  = 

ZL(U)) = Impedance of component 

input impedance Gf support s t ructure 

W = Frequency 
’L DATE 

TRANSMITTED 
. REPORTNO.: TITLE: AUTHUR(r): 

# 
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RESEARCH AND TECHNOLOGY OPERATiNG PLAN 

MS FC 01 1C 73 31 03 74 
TITLE: 

Space Veh i c 1 e Dynm i cs .. 
RESPONSIBLE INDIVIDUPI; TELEPHONEI APPROVAL1 

H .  R. Coldwater J. R. Admire 4s 3- 4387 
, ACCOMPLtSHMENTS (MIlastofi.2 PrODhmS, N u r  tom rCtivltlOS): 

w: Response Pred ic t ion  fo r  Prel ivinary Des ign 
(Con t r zc  t Pend i no_) 

OBJECTIVE(S): The b3sic ob jec t i ve  i n  t h i s  study i s  t o  develop response p red ic t i on  
techniques for  complex space veh ic le  structures.  
both disturbances caus ing weakly s ta t ionary responses and trans l en t  random d i s  turbances. 

The techniques are t o  be suitable for 

APPROACH: The approach w i l l  be t o  develop computer programs t o  p red ic t  the time 
responses described above, 
and computation cost for use i n  pre l iminary ciiesign. 

The program w i l l  be evaluated t o  determine t h e i r  accuracy 

STATUS: Technical Progress--bne 
Management Progress-Contract award i s  pending. 
Conc 1 us i ons--None 
Problems--None 
Forecas t--None 

-_ 

. REPORTNO.: TiTLE: AUTHOR(s): OAT€ 
TRANSMITTED 

'b 
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I PROGRESS REPGRT 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

1 

I 

MS FC 01 IO 73 31 03 74 
4. TITLE: 

Space Vehicle Dynamics . .  

TELEPHONE: APPROVAL1 5. RESPONSIBLE INDJVIDUAL: 

I 

J. B. i i e r r ing  453-438 7 H. R. Coidwater 
6. ACCOMPLISHMENTS ( M i : c 5 t ~ n ~ ~ ,  ?Poblen,r. Pear term actlvlt1es)a 

-- TASK: U t i 1  i za t iona l  Survey of Prototype Structura l  Test A r t i c l e  
(Contract Pend irig) -_  
BJECTI VE ( S )  : 
. Survey the aerospace ard a i r c r a f t  industry to determine the l a t e s t  procedures and 

pract ices i n  u t i 1  !z ing prototype tes t  a r t i c l e s  i n  operat ional  f l i g h t  systems. The 
survey jhot i ld deterv ine t h e  f o l l m i n g  information about t e s t  a r t i c l e s :  

Extent o f  damage dur ing tes t i ng  
a. D isposi t ion o f  t e s t  a r t i c l e  
b. 
c. Refurbishment 
d .  Test a r t i c l e  subst i tL i te programs 
e. Other pe r t i nen t  informat ion . . Document the resu l t s  i n  a f i n a l  repat t  

PPROACH: The contractor should contact a i r c r a f t  and aerospace contractors and 
eterrnine how each f i r m  u t r l i r e s  pa r t i cu la r  t e s t  a r t i c l e s .  
r t i c l e  i s  programmed t o  be uti.1 ized 3s a f l i g h t  a r t i c l e .  d e t e r a i m  what tes t i ng  
mpromises are  made such es u t i  1 i z i n g  computer analyses versus t e s t  programs. 

I n  cases where the t e s t  

TATUS: -- Technical Progress-None. 
snagement Progress--Technical proposals submitted for the scope o f  work a re  being 
valuated. A t  present, there i s  no research contract ,  
mclusions, Problems, & Forecast--None . 

DATE 
TRANSMlmED 

TITLE: AUTWOR(S): . REPORTNO.: 

L 
' i  

IRST 3ENEFITTCNG PROJECT: Spacc Eh* j t t le  
I 
I 
I 

! 

MSFC-Form8bO (MorchlD78) 
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PHUGRESS REPORT I 
f$$ARCti AND TECHNOLOGY OPERATING PLAN 

_c . C C N  

MSF6' 
_I- . T l T L f t  

Large Telescope Technology 

' TELEPHONE: APPROVAL: 
-- L 453-3 77 0 J. C. Taylor 

,I ,g&yE INOIVf DUAL- 

T. L' tukll ,  SBE-ASTR--A - 
_I_ 

ACC(,,A jtir(\ZlENTS (Mllrstonec, Prcblems, Near tun actlvltlss): 

TASK: Active Mirror Program, TH/NAS8-28019, University of Alabama, Tuscaloosa, Alabama. 
O B ~ F ; ~ ' ' ~ W x :  'To develop the technology required for actively correcting the figure of a l a e e  
telesccfjlc$ primary mirror (3 meter diameter). Large diffraction limited telescopes such as 
ST itrlljow tolerances 0~1 the fig-me of the primary mirror which are unprecedented in large 
opticc:, Vor manufacture and testing in a "one g" gravitational field and later for operation in 
rrzeroMgff tho primary mirr@r will requira a multi-poht corrective mount to achieve the 
rwuirtrl Hurface quality of h/50  RMS. This research is principally an experimental program to 
verify nlrrwtural models of mirrom under point and distributed loads, development of 
intefie tet,lnutriC methods for measuring surface errors to one-hundreth wave accuracy and 
verific:l(.1ot1 of control dgofithnls which define the corrective forces. 

~ p p ~ ( ) / t ! E ,  The MSFC exj?erhental facility currently consists of a 20 inch diameter thin 
de;fo~;l}tlO flpbrical mirror with 16 force actuatGrs on the bac!c. The mirror is mounted with 
optical ftxlti horizontal in a seismicaliy isolatd vacuum tank. The mirror is defined by a three 
point kit l tmatic  mount. Gravity induced sag i s  counteracted by force coup2es at 19 points. A 
laser 
as comrwnclod by a digital comw%r. The computer processec the error signpls, calculates 
the apyr*c,p:*inte corrective forces and updata the commands to the force actuators. 

TUS fXcIl[t,v k-i an adequate test-bed for developing and refining much of the technology required 
for activcj oocrectim of m:rror figures. However, it is unrealistically simple in two regads. 

--. -- 

pl-path interferometer located at the center-of- curvature senses the figure errors 

' -_ 
AUTHOR(rf: t OAT€ TITLE: . REPORT NIL1 TRANSMITTED 

.. 

-. . 
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n r s t ,  a (center-of-curvature laser fnterferometer is not practical for use on large space 
telescope:s. Secondly, the structural modeling of a thin deformable mirror is trivial when 
cornpard to the complexity d modeling a thick light weighted structure. 

A second experimental phase which -will utilize a thick ligLt weight 27 inch diameter mirror will 
follow the thin mirror P;.cgram. A focal plane figure sensor which utilizes stellar illumination 
to interfemmetrically measure the 'oh1 wave front error is being developed under contract. 

(Cantinuation Sheet) PAGE 2 - 

I, T h e  mencurement of the flexibility matrix for the 20 inch thin mirror has been 

2. The convergence properties of the figure control system is being tested on the 20 inch 

3, Static deformation tests on the 27 inch lightweight mirrors has begun. 

4. The test fixtures for the active figure control tests of the 27 inch mirror are 90% 

completedc Correlation of this data with the analytical predictims is in progress. 

mirror using different measitrement sets, actuator sets and flexibility matrices. 

completed- This system uses 40 of :he actuators that were salvaged from the Langley Research 
Center Active Optics Program. 

5. A thermal deformatiop test progiam for the 27 inch mirrors b a s  been approved to start 
in early F Y  75. 

Management Progress 

A contract has been I@ to modify the laboratory faciliides which will improve the 

co~clusicns 

The convergence of the mirror figure control system is not seriously degraded by 
amplitude scaling errors in  the actuator influence functions. Sucb errors 0d.y result in 
additional; control interations but the final steady-state figure is not changed. Conversely, sign 
errors in an element of tbe flexibility matrix, even for small elements, can degradb the 
convergence properties considerably. It may be advisable to replace small elements of the 
flexibility that are uncertain in  sign with zeros, This area of concern is still under investigation. 

accoustical envirmment tiat has hampered interferoEetric testhg. 

I 

: 
i 

Prablems 

Several epoxy joints that fasten the actuator attachment studs to the back of the mirror 
have failed. These fzilures have occurred at different times throughout the life of this mirror. 
The cause of failure is uncertain. A test program to identify the best adhesive for bonding metals 
mirror materials is being conducted by another element at MSFC. 

\ Forecast I 

1. Testing with the 20 inch thin mirroz will be concluded in a few weeks. The system will 
be partially disassembled to allow a check of the actuator spring calibrations. 

2. The interferometer ;sed in the active mirror control tests will be modified to improve 
its signal to noise ratio. A new collimating beam expander has been purcflased to which will 

I 
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b 

THIS IS THE LAST RTOP PROGRESS REPORT THAT WILL BE SUBMITTED. 

HARDWARE, RESULTS A N 3  EXPERIENCE OBTAINED FROM THB HTOP ARE BEING USED 
DIRECTLY IN THE LST TECHNOLOGY PROGRAM. 

THIS3 WORK 
rs NOW SPOMORED BY 'rm LARGE SPACE TELESCOPE (UT) PROJECT, THE 

e :  

t 
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1. CENTER: 

NSFC 
4. TITLE: 

1 
Optical W.ss Ffmory 

5. RESPONSIBLE INDIVIDUAL: APPROVAL: 

E a i d  J. Reinbolt ,  s6rE-AS=.-6 I 453-3770 I J. C. Taylor 
6. ACCOMPLISHMENTS (hlilestonss. Problem$, Near term actlvltles): 

- TASK: 
NAS8-26672, Radiat ion,  Inc., Yanuary 1962 - J u l y  1974 
NAS8-26808, RCA, March 3.971, Apri l  1974 
NAS8-28949, Radiation, Inc., June 1972 - Apri l  1974 

OBJECTIVE: 
mult i funct ional  integrated computer systems of large capacity.  
5 x or l a rger  w i l l  be associated with such systems. The lcng range object ive of 
th i s  RTOP i s  a random access, read-write mutory of 1012 b i t  capaci ty  uti!.izing holo- 
graphic techniques for  wr i t ing  on an erasable  med im.  Idea l ly ,  t h i s  mmory should re- 
place a l l  storage media associated with d l s rge  operat ional  computer. Most c e r t a i n l y  
t h i s  replacement w i l l  include e\,erything fzcln o n - l i z  d i scs  drums, e t c . ,  t o  s tored 
tapes. The memory i s  to have l imited or  no moving par t s  occupy a r e l a t i v 2 l y  ( t o  
present systems) small volune and hi. avsiilable €or spacecraf t  use i n  the next decade. 
The large memory capaci ty  ~ O C S  no t ,  of course, have t o  be used i n  conjunction with a 
computer. It can be used as storage foi: data t o  be transmitted (or car r ied  t o  ea r th )  
at a la ter  time. 

Optical  Wmorg System, Breadboard and Components and Technique Ikvelopment 

1 

Projected spacecraf t  systems' of the 70 's  and 8 0 ' s  w i l l  require  onboard 
Mass memories of 

APPRIIACH: 
laser(s) beam def lec tor (s )  da:a compcser, revers ib le  holographic storage medium, and 
an output detector  a r ray .  These c leaents  combined with su i t ab le  opt ics  e l ec t ron ic s  
and mechanical s t ruc tures  provide a functioniag read-write memory. The RTOP approaches 
the problem on three leve ls :  

The key e?ements of a read-write holographic op t i ca l  mass memory are a 

7. REPORT NO.: AVTHOR(s): DfiTE 
TRANSMITTED 

NAS 12 -22 00 Radiation, Inc . % 

October 1970 

February 1971 

February 1972 

May 1972 

November 1972 

NAS 8- 2 63 6 0 

NAS 8-2 66 72 

NhS 8-2 6G35 

NAS 8-2 6 808 

August 1973 

TITLE: 
Inve s t iga t i  ons of Opt ica 1 Memory 
Techniques 
Optical  Readmri te  Memory 
System Design 
Optical  I i e a d h r i t e  Memory 
Sys t e m  Components 
Dynamic Holographic Storage 
i n  Lithium Niobate 
Interim Report - Optical  
Memory Development 
Vol. 1: Prototype Eiemory 

System 
Vol. 2: Gain-Assisted Holo- 

graphic Storage Media 
V31,  3: The Membrane L i g h t  

Valve Page Composer 
Updated Oprical  Read/kr i t t .  Memory 

Radiation, Inc . 
Radiat icn,  Inc.  

Isome t 

RGA 

Radiation, Inc.  
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APPROACH {CONCLLQED) : 

1. Overall Fkmory System. This includes system design t o  accomplish progressivel: 
higher  b i t  capaci ty  m d  a study of memory a rch i t ec tu re  and computer i n t e r f a c e s .  

I 

\ 

2. Optfcal Yerr:ory Compment and Technique Development. -Special emphasis is  
placed on c r i t i c a l  items such as the storage material and d a t a  composer. 

3 .  Optical Memory Breadboard. A breadboard containing a l l  of the key elements 
has been constructed and i s  and w i l l  continue t o  be used experimentally t o  study a l l  
component t n t t r r aces  wi th in  the mmory, alhw.development of new devices ,  and the 
enhdncement of old devices.  Plans are tc in te r face  the breadboard with a n  operat ing 
computer t o  study the computer-memory re la t ionship .  

This approach provides v i t a l  infornat ion as t o  system f e a s i b i l i t y  i n  a n  economical 
way and helps  avoid premature le rge  f u n d - c m i t m n t  t o  such computer memory systems. 

STATUS: 
helpfu l  i n  ident i fy ing  system problem not apparent when only considering system com- 
ponents. ;Jew designs f o r  the photoplast ic  holographic s torage a r r a y  are being t e s t ed .  
Increased numbers of recording cycles  and reduced exposure times snr>uld resalt .  
Improvements are being made i n  thc? thermoplastics s torage material i t s e l f .  Work is 
continuing on the f e r r o e l e z t r i c  cermic , PUT,  €or the page composer. =ter ia l  (PLZT) 
provided by vendors has proved co be gocr, but e f f o r t s  LO improve t h i s  s i t u a t i o n  are 
having some success.  Device f ab r i ca t ion  techniques a r e  ircprovir-g a i s o .  The P U T  i s  
now being studied f o r  three possible modes of operat ion;  s t r a i n ,  s c a t t e r i n g  and 
ir,terferome t r i c  . 
on a n  8 x 8 page composer. 
ing with a 32 x 32 block d a t a  composer, a 5 x 5 holographic a r r ay ,  an6 a 32 x 32 photo- 
detector  a r r a y  by the end of 1973,  with an experimental i n t e r f acc  t o  an o7erat ing 
computer w e l l  under way. 
128 a r r a y  or mosaic i s  t echn ica l ly  f eas ib l e ;  however, the c o s t  would d i v e r t  needed 
development i n  more c r i t i c a l  areas. 
as a memory s torage material is under way a t  RCA, Princeton. 
Reports dated Apr i l  14 ,  1973 and J u l y  14, 1973 are ava i l ab le .  Since i n  &he p a s t  no 
e f f o r t  has been rrade t o  charac te r ize  and ube l i th ium niobate as a operat ing element of 
a Holographic O p t i c a l  Elass Menory as spec i f ied  i n  the object ives  to t h i s  RTOP, t h i s  is 
Proving t G  be a valuable s t l d y .  

Technical . P r o g r = :  The memory breadboard has  been functioning and has  proved 

The membrane approach t o  the block da ta  composer has been successful  
Prospects are now good f o r  having the breadboard function- 

The extension of tne 32 x 32 photodetector a r r a y  t o  a 128 x 

Work on cha rac t e r i za t ion  of doped l i th ium niobate 
Quar t e r ly  Progress 

I 
Device f ab r i ca t ion  problems with PIZT are under con t ro l .  Material (PIZT) tran 

suppl ie rs  continues t o  be, a problem. 
chemically and with respect t o  des i rab le  o p t i c a l  propert ies  a r e  being acceleraced.  
Increased pressure is being exer ted  on supF7,iers t o  matntaiii consistency and exact 
spec i f i ca t ions .  Lack of uniforrriity i n  the P E T  and d i f f i c u l t y  i n  performing exact 
ana lys i s  have prevented RaJ ia t ton  from achieving a 128 x 128 page composer a t  t h i s  time 
The p o s s i b i l i t y  of Jsing l i n e  page composers u t i l i z i n g  accusto-opt ical  cechniques is 
being evaluaied.  

E f f o r t s  t o  corcpletely charac te r ize  the PLZT both 

1 
I 

Manngement Prowess :  The KC4 cont rac t  NAS8-76808 has been extended t o  
A p r i l  1974. l'he Radiat ion cont rac t  NAS8-26672 
has  been extended t o  July'\ 1, 1374. These dates  
represent  program s t re tch-oc ts  and these c h a q e s  and other  consequences are r e f  Lected 
i n  the milestone schedule. 

An in te r im r e p a r t  has been completed. 
A n  inter im r2port  i s  now ava i l ab le .  

- 
MSPC - Form 350-1 ('lrrrh 1973) 

\ *  
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Conclusions: Both in-house and cont ra2 tua l  e f f o r t s  a r e  progressing w e l l .  
me breadboard f a c i l i t y  i s  providing useful  information f o r  eva lua t ion  and optimization 
of system components and t h e i r  i n t e r r e l a t ionsh ips .  
memory of r e l a t i v e l y  small size w i l l  be possible  i n  the near fu tu re .  

A lo9  b i t  capac i ty  planar op t i c s  

-- Forecast: A f u l l y  opera t iona l  breadboard i n  1974. A 32 x 32 block. da ta  
C O u l P O S e r ,  5 x 5 hclogram a r r a y  and 32 x 32 photodetector a r r a y .  

. . _  . 

. _. 

- -  

- . - 

i 
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5. RESPONSIBLE dhDIVIDUA1.: TELEPHONEr APPROVAL: 

R. F. WalfS/S&E-XSTR-G 205-453-0793 Richard Tutt 

- TASK: 

OBJECTIVE: 

- . A C t f N b W C l S H ~  ENTS (Milostoner, PI)Oblemi. Ncrr term cctlvltles): 

Three-Axis Ring Laser Guidance Platform Development: Inhouse 

To produce a three-axis o t r a p d m  ine r t i a l  navigation system using laser 
gyros with performance that is equal t o  or exceeds the present high quality 
iner t ia l  navigation system in  accuracy and r e l i ab i l i t y  with a considerable 
reduction in  weight, s lze  and cost. 

This system w i l l  be used fn a wide range of navigation vehic1l.s including 
ships, space vehicles and aircraft .  

The system w i l l  have the following advantages over present navigation 
s ys terns. 

1. 
2. 
3. 
'4. 

6.  
7. 
8 ,  
9. 

5 0  

Weight, less than 2:! Ibs 
Lifetime, greater thaq 2 years 
Power, less char' 30 w a t t s  
Volume, less tnan 3CO cu-irr 
Warm-up time, less than 3.0 minutes 
Cost, less than $20,000 
Digital output t o  interface with strapdown d ig i ta l  coaputers 
Easily adaptable t o  redundant configurations 
Fast preflight chsckout 

7. REPORT NO.: T;tLE: AUTWORi(r): DATE 
TRANSMITTED 

1. 
Axia Strapdown Ring Laser W", Sperry Gyroscope. 

Ten Monthly Progress Reports, D e s  1970 to Sept 1971, F i l e  472G CF.2.33658,"Three- 

2. 
I. N. Hutchinson, P. K. Inglima. 
and Flight Mechanics Conference, August 1970, Santa Barbara, California, 

3. 
W. M.. Macek and John M. Abdale, Sperr j  Qrosccrpe, presented t o  CLEA Conference i n  
Washington, D. C. on June 4, 1971. 

4. 
I. N. Hutchinson, Sperry Gyroscope, prepared itnder contract NAS8-2413b. 

5 .  
IN", SPerry Gyroscope, Contract MAS$-24436. 

FIRST BENEFITTING PROJECT : 

t1 An Improved Ring Laser Rate Sensor for Use i n  Strapdown Iner t ia l  System" by 
Sperry Gyroscope presented a t  AIAA Guidance, Control 

i 

"Effect of Discharge Tube Aging on Laser G3-m D r i f t  Stabil i ty" by E. Vaher, 

11 Improvement i.n Laser G y r o  Te,chnologytf, Vols ji and TI, by do 0. Vaher and 

I 

Monthly Progress Reports ,' I972 t o  harch 1974, "Three-Axis Strapdown Ring Laser 

- - - - -~-------- - - - - - - - - - - - - -~-,--~~--------- -~~--------- - - - - - - - - - - - - -"----- - - - - - - - - - - - - - -  

~ T O  yet program orieztcd. 
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~pmrnCH: A. Technolorn Development - Perforr? development t e s t ing  t o  iden t i fy  problem 

STATUS : 

areas  and possible  imprsvements i n  the %as techniques, discharge tube l i f e ,  
and control  e lec t ronics .  Modify these  camponents for  improvement. 

Bo Envirunuientel and Operational Tes ts  - 'Perform environmental. and 
operat ional  tests t o  prove i5.e capab i l i t y  of the  l a s e r  gyro t o  function i n  
a three-axis a t t i t u d e  reference system. 

C. 
sensor package (iraduding accelerometers) with computer and software for  a 
complete navigation system. 

Do 
i n  a mobile van and is an a i r c r a f t  f l i g h t  t o  prove c a p a b i l i t i e s  of a l a s e r  
gyro navigation system. 

System Lntenra t im - Interface, t h e  three-axis l a s e r  gyro s t r a p d m  

Overall System Performance T e s t s  - Perform navigation system f i e l d  test 

Technieal Progress: 

A. 
from an average of 230 operating hours t o  better than 10,000 hours and 
all. tubes a r e  s t i l l  @peratins. 
accumulated over 138,COO ha i r s  without a f a i lu re .  
prove the biasing techniqxes and s t a b i l i t y  of the  controi  e l ec t ron ic s  a r e  
continuing. 

B. En.rlfrannenta1 and Operating T e s t s  - The three-axis Laaer gyro strapdown 
platform has accumulated over 4000 hours of operating t i m e  i n  environmental 
and operstior.al tests. The latest developnerts have improved the  long-term 
d r i f t  s t a b i l i t y  t o  b e t t e r  than 0.02 O/hr, r epea tab i l i t y  t o  better than 0.2 
"/hr and s c a l e  f a c t o r  l i n e a r i t y  w e l l  below 0.01% up t o  200 O/sec input ra te .  
The test da ta  has provided information f o r  the  k p r o v e m n t  t o  the control  
e lec t ronics ,  voltage control ,  temperature cont rc l  and v ibra t ion  s t a b i l i t y .  

Technology Development - "fhp, l a s e r  gyro tube l i f e  has been increased 

A t  present ,  the  nine improved tukes have 
Developmeat work t o  im- 

C. 
and- docuqentat im of the  updated three-axis l a s e r  gyro  package: including 
three  accelerometers and the computer in te r face .  
a complete laser gyro navigztion system with computer and software. 

1). Overall System Performance Tests - Plaas a r e  being made a t  MSFC t o  
perf= navigation sys ten  f i e l d  tests i n  a mobile van on t he  complete l a se r  
gyro navigation system and a l so  t o  perform f l i g h t  t e s t  evaluat ion on t h i s  

Complete System Integrat ion - Work is progressing on the  design, bui ld ,  

"his work w i l l  r e s u l t  i n  

' 

s y s t e m  in an a i r c r a f t  a t  Langley Research Center, 
I -% - .  . . 

1, Presented da ta  and devel.opment progress a t  the  Interagency Laser Gyro 
Meeting cn Jwe 6-7, 1973, at Applied P5ysics Lab and Dec .  5-6, 1973, a t  
Hollonlan AFB. These meetings w e r e  attended by representat ives  of various 
Centers of the l;iavy, A i r  Force, Army and NASA. Several Centers expre;sed 
interest i n  cooperating wiCh us on our planned systein van test and f l i g h t  
t e s t  program t o  the  point  of a s s i s t i n g  with technology, equipment and 
possible  funding. 

USlC - F ~ n a  350-1 WSKII 1973) 



78 
_I_ 

CURRENT NO./CbDE: ’ 

PROGRESS REPORT 502-23 -42 
RESEARCH AND TECHNOLOGY WERATING PLAN 

(6ntinc9etioa Sheet) IPAGE 3 OF 3 

Mnae;ement Progress (cont,) 

2, Evaluating test data ,  wri t ing reports  and preparing technical  pre- 
- sen ta t ions  f o r  candidate user pro jec t  o f f i ces ,  

3, ’ I’reparing Lhe work statement f o r  Lhe next development phase. 

. CI conc~usions:  

A. 
proven increzse €ram 200 hours t o  grea te r  than 10,000 hours. 
are cor,tinuirrg with every indicat ion of proving even greater l i f e .  
a l ready has Over 28,000 hours of operation. 
making def‘irzed modification.. t o  t he  e l ec t ron ic  cont ro l  c i r c u i t s ,  cor rec t ing  
groundhg p r G b h n s  and improving vibration c a p a b i l i t i e s  and temperature 
s e n s i t i v i t i e s .  . 

B. Emrircmmerital and Operational Tes t s  - These tests an the  present three- 
a x i s  laser gyro development system have shown t h a t  the  l a s e r  gyros can fu l -  
f i l l  the  requirement3 for  mas?.y navigation system appl icat ions i n  accuracy, 
s t a b i l i t y  aad I j f e ,  with a reduction i n  cos t  by an order of mgnitude.  
The laser gyro system has the very unique f ea tu re  o€ e a s i l y  performing s e l f -  
tests for p r e f l i g h t  operational tests. 

complete laser gyro inertial measurement u n i t  (TML’) and t he  inhouse develope< 
STJMC computer was  made Mar. 12, 3.974. 
and m l y  two minor problems were found a n i  corrected.  The TNl system ca l -  
i b ra t ion  test and the  computer program test are continuing with plans t o  
complete system in tegra t ion  tests and start mobile van test i x i  Apr i l  1974, 

I), 
by May 31, 1974, and the complete system w i l l  be taken t o  Langley Research 
C e n t e r  and f l i g h t  t e s t ed  i n  a hel icopter .  The r e s u l t s  of tke da ta  ana lys i s  
fram these tests such prove Lhe c a p a b i l i t i e s  of t h i s  approach t o  strapdown 
system a2pl ica t ions  . 
Problems: 

No problems’ a r e  now ant ic ipa ted  except t he  normal technology problems of 

Technology-Development - The operating l i f e  of the  l a s e r  gyro has a 
The l i f e  tests 

One tube 
This year’s work has included 

- C, Complete System I n t e a k a t i s  - The preliminary .=tin? test between the 

A l l  in te r faced  equipment checked out 

Overall System Performance T e s t s  - .The mobile -Jan test w i l l  be completed 

’ system in te r f ace  
‘i ! z r  EE Forecast  : 

Mobile van navigation $est colnpleted by May 31, 1974 
I 

---e c i - 
Airc ra f t  f l i g h z  tes’t “completed by August 15, 1974, 

Redundant syster? progzaxrt de f in i t i on  completed by May 30, 1974. 

System decj.gn completed June 30, 1974. 
1974, Accelerometer e lec t ronics  cumplet2.d by June 30, 1974, Gyro design 
compxetei! I$ June 30, 1974, 

I 

I 

Couiputer bui ld  completed by June 30, 

HSFC - Pam 35011 (March 1973) 
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I . TITLE: 

Design, p r o c e s s h g  and Tes t ing  of LSI Amays 

APPROVAL: 

J. C . Taylor 
illlENTS (Milastoner, Problcmr. Near term activltles): 

'TASK: 
NAs 12 -220 / , RCA , Princeton, NJ 
~ ~ ~ 8 - 2 4 3 / 9 ,  Texas A M .  College S ta t ion ,  TX 
ws8-267/(') 
~ ~ 8 - 2 6 3 r j / l ,  Autonetics , Anaheim, CA 
~ & 3 ~ - 2 5 f , ' / I ,  M&S Computing Company, Huntsville, AL 
~ 1 2 - 2 2  j'3, RCA, Camden, N J  

 OBJECTIVE^ 
for hybrid and la rge  scale in tegra ted  circt l i ts  (LSI) that w i l l  be required i n  f u t u r e  
programs I 

AppRoACjlI 
arrays, 
two-dimemional layout and in t e rcomec t ion  program €or LSI a r rays ,  test sequ.ence gen- 
e ra t ion  program for  sequent ia l  c i r c u i t s ,  e t c .  

t h  f Materials, Array liesign and Technology 

Mississ ippi  S t a t e  University,  S t a t e  College, KS 

. .  
To develop the d e s i m  capabi l i ty ,  processipg techniques, and tes t  methods 

Ut i l i ze  comput.er techniques and Frograms for design and tesc ing  of LSI 
Some of the work to be completed w i l l  be an  improved method of c e l l  design, a 

D e V d t O P  advanced integrated.  c i r c u i t  processing techniques thac can, with proper 
emphasi# and Widance, be res3y f o r  future  programs. Longer range e f f o r t &  w i l l  be t o  
explore ddvanced ideas  and theor ies  of such i t e m s  as bulk e f f e c t  i n t eg ra t ed  c i r c u i t s  , 
l i n e  mudrtlirlg, line autonation, s i l i c o n  on sapphire beam-lead processing and sur face  
and b u l b  s tud ie s  i n  s i l i c o n  mater ia l .  

Develop advanced hybrid mfcrocircuit  packaging for U T I  f u t u r e  p rogram.  Par t icu la i  
emphasiff w i l l  be placed on bonding techniques and adhesives for wire and d ie .  The 
L- 

TITLE: AUTHC R(r): CAT€ 
TkANSMllTEO MSFC Guidelines for  Ceramic 

Die l ec t r i c ,  Monalithic 
Multi layer Chip Capacitors 

GuidAI ines  for Thit-k-Film 
Single  Chip Resis tors  anti 
Custom N e  t w  c rks  

. G u d Z i n e s  for Beam-Le;ld 
Trans i s to r s  

A r t w o r k  In t e rac t ive  Design 
System (CInSl Program 
Descript ion 

Sigma 2 c;ra?3ic Display 
§of twace Program Description 

SUMCADV Hardware Manual 

MSFC 

HSFC 

M&S CompLting , Inc . 

M6tS Canputiag, Inc.  

RCC,, Camden, NJ 
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cess ing  techniques, bond s t rength ,  cor ros iv i ty ,  and outgassing. 

All in-house programs i n  a l l  types o f  microelectronics w i l l  complement cont rac t  
e f f o r t s  i n  accomplishing the above program object ives .  

STATUS : Techrlcal  Progress : 

NAS12-2207' - T h i s  cont rac t  was establ ished to develop she necessary system, 
c i r c u i t  and processirig techniques f o r  the  fabr ica t ion  of high speed, low power com- 
plementary sil icon-on-sapphire random access  memory ar rays .  
negotiated w i t h  t h e  tollowing tasks  pzgosed:  * 

A f ollow-on cont rac t  was 

1. Establ i sh  a process f o r  a hermetically sealed beam l ead  chip including 
Si3N4 o r  A1203 junctiori seal, w i t h  the  po ten t i a l  f o r  high y i e ld  i n  a manufacturing 
process.  

2. Determiae t h e  sources o f  t h e  y ie ld  and r e l i a b i l i t y  de fec t s  and develop 
the technology to  minimize these defec ts  and reduce parameter spread. T h i s  e f f o r t  w i l l  
be d i rec ted  toward a f u l l  understanding of t h e  material defec ts  and the process i n t e r -  
ac t ions  which w i l l  r s u l t  i n  cont ro l  o f  the  f ab r i ca t ion  technology and provide pre-  
d ic tab  le per  formame. 

3. The 256-bit RAM w i l l  be used as a vehicle f o r  t h i s  e f f o r t .  A t  t h e  
completion of t h e  cont rac t ,  10 of these devices w i l l  be del ivered t o  MSFC f o r  eva lua t io  
These devices w i l l  have beam leads ,  hermetically sealed junct ions,  and information on 
t h e  processes used i n  t h e i r  fabr ica t ion  displaying parameter vasiance (u ) on such 
items as threshold vol tage,  leakage, s a tu ra t ion  res i s tance ,  C ~ C .  

2 

NAS8-2632 - During Phase I of t h i s  e f f o r t  (Aug. 1370 - Feb. 1971,), t h e  con- 
t r a c t o r  S i r t l - e t ched  a number o f  Lopex and Czochralski s i l i c o n  wafers from a major sup- 
p l i e r  and found a general  p a t t e r n  of swirls, p i t s ,  and r e l a t e d  defec ts .  It has been 
d i f f i c u l t  t o  f ind  s u f f i c i e n t l y  good wafers t o  test t h e  e f f e c t  of thermal  stresses, It 
has been shown t h a t  wafers held i n  pos i t ion  other than  hor izoa ta l ly  tend t o  induce de- 
f e c t s  during eat cycles .  However, i f  s t ress - re l ieved  p1ai.n wafers (as chemically 
etched) a r e  placed on a f l a t  surface,  they can be thermally shocked a t  high as 1150°C 
and .then cooled t o  room ambient quickly WithoLlt propagating defec ts .  Therefore, heat 
gradients  a r e  not oE themselves detrimental  t o  t h e  wafer i f  i t  does not have inherent  
s t r e s s e s .  The following inter im conclusions are made: 

I 
I 

I 
1. 

2. 

C o d e r c i a 1  wafers have a rgide range of damage i n  general .  

Thid damage i s  caused by poorly control led ingot growth and wafer 

A slog rate of po l i sh  and f i n e  g r i t  reduces t h i s  damage. 

To reduce defec ts ,  f lar '  

preparat ion,  mostly t h e  hat ter .  
I 

3 .  

4. 
I 

uar tz  s l a b s  r10 l e s s  than 2/4" th ick  are 
recommended for  placing t h e  wafers on during oxidation, epi taxy,  o r  d i f fus ion .  

I 
5 .  Steam oxidation yrcduces more defec t r  than does dry o r  wet oxidation. 

The water bath shoul be kcpt a t  constant temperature, as a t  25°C. d! 

MSPC - rom 350-1 <March 1973) 
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6.  A source f o r  very low defect wafers has  been found. It has been shown 
tha t  wafers may be 100 percent S i r t l -e tched  as a selection. approach on a nondestructive 
bas i s .  The C r  present  be removed a s  shown by neutron a c t i v a t i o n  ana lys i s  de tec t ing  
res idua l  C r  as low a s  urie p a r t  i n  lo1*. The re la t ionship  between t i m e  of S i r t l - e t c h ,  
degree cf ag i t a t ion ,  and t e q e r a t u r e  (quantity re la ted)  has been es tab l i shed  i n  terms 
of defect  type afid LoLution on t h e  qafer ,  whether  surface or bulk. 

7.  ~t hag a l s o  been shown t h a t  completely S i r t l -e tched  wafers do not  i n -  

(74 plots @a a 7000i wet oxygen oxide showed t h a t  t h e  minority c a r r i e r  

duce d is loca t ions  during m m a l  cycle  even i f  placed over t h e  hole i n  a quartz  s l a b ,  

8 .  
l i f e t ime  is decreased i n  t h e  presence of excess d is loca t ions ,  causing t h e  MOS device 
t o  behave as  a low frequenc7 d@VicQ. . ,  

9. A study of SfQ2-Si i n t e r f ace  stress showed that wet i s  t h e  bes t  
compromise for growing t h e  oxide,  

10. A study Of boron d i f fus ion  shQwed t h a t  damage a t  dr ive  i n  is  less if 
degos$t;ion is made a t  950°C r a t h e r  than a t  higher temperattkres. 
duce more damage. 

Longer d r ive  in s  pro- 

11. 
steam oxidation. 

Dry O2 oxidation credces more §i-Si02 in t e r f ace  stress than does 

12. Twenty-three wzfcrs have been used for  fabr ica t ing  b ipolar  d i g i t a l  
devices. The etched, th inner  wafers Were more f r a g i l e .  CSromiu? contamination did 
net  appear a s  a problem. Leakage was somewhat higher than on non-etched wafers.  

0. 

A summary compr ison  is being made on the etched and unetched wafers. 

Also, a handbook is  being v r i t t e n  which w i l l  show the  ove ra l l  inf luence of 
material propert ies  arirl defec ts  on semiconductor device performance and y i e ld .  
will be ready by l a t e  summer. 

T h i s  

Ms8-26749 - CCD Model: Thc e l e c t r o s t a t i c  model of the CCD s t r u c t u r e  has 
been developed and h a s  evoked some very i n t e r e s t i n g  r e s u l t s .  
uses a f i n i t e  difference techniquE w i t h  a spec i f ied  number of po in ts  t o  solve a two- 
dimensional m u s s  equni ion. 
and theo re t i ca i  charge t r ans fe r  times and e f f i c i e n c i e s  0.f t he  CCD c i r c u i t .  
being done t o  incorportttq t h e  transport. equattot, t o  the model. 

T h i s  mathematical model 

Experiments are being conducted Lo relate t h e  experimental 

Preliminary r e s u l t s  loo 
Work is 

i very good. 

f ) i f  fuston Modeling: The "doped oxide" d i f fus ion  technique i s  proving t o  
be much be t t e r  than garrcous d i f fus ion  f o r  s m r c e s  and draings o f  C-MOS devices. The 
major reason is t h a t  the oxide is deposited a t  r e l a t i v e l y  cool temperatures (400°C) 
60 t ha t  f o r  p and n d i f fus ions  can be dr iven i n  simultaneously, Cherebv adhieving 
greater process control,. 
technique. 
and sheet res i s t i lv i ty .  Work is continuing i n  this a rea  t o  co r re l e t e  t h e  experimental 
results obtained with t1iec;reLical Curves obtained from independent sources.  Compre- 
hensive tab les  are beiilg prepared t o  summarize Che important parameters of d i f fus ions  
from doped oxides. 
of "paint-onP1 diffusicl\  sburces t o  MOS technology. 

The p-wells are present ly  diffueed by the  s i l i c o n  n i t r i d e  
I o n  implairta t i o n  w i l l  u l t i m t e l y  provide t h e  necewsary cont ro l  of depth 

A seconckry e f f o r t  w i l l  inclade inves t iga t ion  of the a p p l i c a b i l i t y  

d8FC Pam 3SQ-1 WErch a97g  
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on t h i s  phase of t h e  cont rac t .  
ro s iv i ty ,  and Outgassing. 
preliminary r e s u l t s  show t ha t  by carefu l  and qua l i f i ca t ion ,  organic  adhesives can re- 
l i a b l y  be used 13 assembly rJf microcircui ts .  
Autonetics has k e a  negotiated t o  extend t h e  work they a're doing on evaluat ing bonding 
adhesives, The rerrge of .sdhesives hss been extended t o  include two gold f i l l e d ,  one 
s i l v e r  f i l l e d ,  and one ion-precious metal f i l l e d  conductive types. 
concerned only  e l e c t r i c a l l y  in su la t ive  adhesives. 
uncased MOS, prip and npn t r a n s i s t o r s  and. in tegra ted  c i r c u i t s  have been mounted on 
alumina subs t r a t e s  tiiivj.ng thick-fi lm gold cstlductors and thick-fi lm resistors. The 
canpatab i l i ty  of t he  adh€!SiVes w l t h  th? p a r t s  and subs t ra tes  and t h e  e l e c t r i c a l  i n t e g r i t  
of t h e  bond j o i n t s  w i l l  be thoroughly evaluated. These evaluat ions w i l l  cover as a mini 
mum: adhesive s t rength ,  cor ros iv i ty ,  high temperatuiie l i f e  test outgassing, and voltage 
cur ren t  in te r face  breakdovn phenomena. 

Thz cha rac tu r i s t i c s  being t e s t ed  are bond s t rength ,  cor- 
Although only a s e l e c t  few mater ia l s  were chosen f o r  t e s t ing ,  

A 3  extension t o  t h e  present  ccn t rac t  with 

The previous work 
I n  t e s t ing  the conductive adhesives,  

The extended por t ion  of t h e  contract  covering conductive adhesives has 
progressed t o  the point  where corros iv i ty  tests are i n  process. 
f o r  these same niaterials is complete. The test specimen subs t r a t e s  f o r  mounting semi- 
conductor chips  f o r  t t e  organic coating phase of t h i s  e f f o r t  have been fabr ica ted  and 
t h e  devices mounted. 
assembled and debugged and tests are being made. 

The bond s t r eng th  tests 

. 
The t .€st  set up f o r  t e s t f n g  the e l e c t r i c a l  parameters has been 

A temporary setback was encwntereti  i n  e tching th in- f  i l n i  aluminum subs t r a t e  
f o r  cor ros iv i ty  t e s t s  of nonconciuctive adhesives.  Tbe problem has been resolved and the  
f i n a l  p a r t  of t h a t  .phase is zlmost ccrmplete. 

NAS8-25621 - Debug information as received frcjm RCA was incorporated i n t o  the  
Placement and Route  i n  2 Dimension ( P E D )  computer program. 

The Mask Analyzer Program (MAP) has been debugged t o  such an  extent  t h a t  a 
major t e s t  run involving LSI data w i l l  be attempted shor t ly .  

Debrlgging and t e s t i n g  of the  Artqork In t e rac t ive  Design System (AIDS) i n  
conjunction with MSFC personnel is proceeding s a t i s f a c t o r i l y .  AIDS h a s  matured such as  
t o  make it a standard t o o l  wi th in  t h e  microelectronic design automation e f f o r t  a t  MSFC. 

2. 

T h i s  cnnt rsc t  w i l l  be updated t o  p r o d u e  user  documentation f o r  the fo l -  
Mask Analyzer Pxogrsm; LOGSIM/FETSIM; and t h e  Network In t e r f ace  lowing programs : 

Processor fo r  LOGSIM/FETSIM-TPG-PRF-PE2D. 
fat= the input  and t h e  output of t h e  MLD program t o  the Network In te r face  Processor and 
t h e  AIDS system. 

Also software will be generated t o  i n t e r -  

I 

\ 
NAS12-2933 - Several debug modifications o f  t h e  Placement and Route i n  2 

Dirtiensions (PR2D) computer proqam were del ivered t o  MSFC. Ef fo r t  is vwlerway t o  expand 
t h e  PR2D capab i l i t y  t o  s i l i c o n  on sapphfre (SOS) technology. 

I 

Fabrlcated chips implemented t n  s i l i c o n  ga te  C-MOS technology proved t o  be 
f a s t e r  tnan the  equivalent chips  w i n g  netal gcte technology by only 30 percent r a t h e r  
than by 200-300 p e r c m t  8 5  ant ic ipa ted .  The slow d w n  was t raced  t o  c e l l  interconnect 
capacitance as encourrteyed on ax! LSE design. 
technology not usable f o r  the  STUMC program. Furthermore, a 30 percent speed increase  
i s  judged t o  be i n s u f f i c i e n t  t o  j d s t i f y  the  s i g n i f i c a n t l y  more complex s i l i c o n  ga te  
f ab r i ca t ion  process.  Therefore, emphasis vas s h i f t e d  t o  the SOS technology which is . 

The speed achieved makes the  s i l i c o n  gate 

USPC Form Jd0-l .(tr.#ch 1379 
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The new monolithic 'hands-off" processing f a c i l i t y  w i l l  be ready by July 2 2 .  
Most of the major equipment bas  been ordered. 
March. 
zero d e f e c t s .  

Everything w i l l  be ordered by the  end of 
The purpose o f  t h i s  f a c i l i t y  i s  to ,  as near ly  as possible ,  process wafers w i t h  
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Logic devices a r e  being fabricated f o r  the Computer D iv i s i  m ' s  HODAD Com- 
puter.. 
and are working w e l l  wi th in  the dessgn spec i f ica t ion .  

These devices have been thoroughly t e s t ed  2nd evaluated by the Computer Division 

The development of  pmtotype  hybrid microcircui ts  for in-house evaluat ion 
The major prototype program involves the development o f  a gyro cont ro l  

S i x  d i f f e r e n t  packages a r e  being fa5r lca ted  
has continued. 
system using hybrid packagi3g t-ec!.nologjj. 
f o r  this pro jec t  with three n i c r o c i r c u i t s  cur ren t ly  i n  the f i n a l  packaging phase. 

Plans are near ing completion fo r  the re loca t ion  of tke Macrodsta XD 200/500 
T h i s  tester whictl was &eveloped and purchased with 502-2.3-52 funds w i l l  be LSI tester.  

used to  va l ida t e  the performance o f  t h e  automatic test  p a t t e r n  generati on software and 
to  help character ize  devices produced i n  t h e  Frocessing laboratory.  

I n  cooperation w i t h  Godciard Space F l igh t  Center a cost  colnparisorl is  being 
made f o r  LSI chips designed by the  standard c e l l  approach as aga ins t  t he  l iniversal  
a r r a y  approach. 
p le ted .  
EPC is  designing two chips i n  the  standard c e l l  approach i n  order t o  v e r i f y  proper 
operat ion of PR2D ard t o  assist i n  the  cooperative e f f o r t .  One chip is a n  operat ional  
equivalent of a present  TTL chip with f ixed o r  predefined placement of 40 pzQs on a 

of the  TTL chips with 64 pads on a 260 x 240 m i l  chip w i t h  about 850 t r a n s i s t o r s .  

The universal  a r r a y  approach i r ,  TTL technology has already been com- 
The universal  a r r a y  approach i n  C-MOS metal gate  w i l l  a l s o  be t r i e d  by Goddard. 

' 140 x 160 m i l  chip with about 350 t r ans i s to r s .  1 The second chip i s  a combinatica of two 

I 

The operat ion of t h e  multi layer hybrid/printed wir ing board automatic lay-  
One is a p r in t ed  out program is  being va l ida ted  on two ver3 dense and com2lex designs. 

wir ing board design tha t  was, provided by Goddard and t h e  o ther  i s  a hybrid design 
provided by KSC. I 

Management Progress!: 

! 

Planning i s  under way on programs using FY 74 funds. A l l  
FY 74 funds w i l l  be obl igated by May 1, 1974. 

FGreCaSt: A f u l l y  automated microelectronics capabi l i ty  should be funct ioning 
by the  end of FY 75. The dcsign phase is  well  advanced a t  t h i s  t i m e .  Automatic tes t ing  
a t  10 MHz is present ly  avriilnbl?, but this mus t  be increased i n  speed by 5 t o  10 times. 
Wafer process automarion w f l l  ncm xzcfiva primary a t t e n t i o n  and should be complete "y 
t h e  projected t i m e .  I 

I 

YSFC - Porn 35&l (MMnrch 1973) 
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!?S FC 3 1  19.73  31 03 74 562-23-52 115-25-03 
C. TITLE: 

PRIOR NO.: CURRENT NO.: 

Screening and R e l i a b i i i t v  Testing of XicrocircuZts and Elec t ronic  P a r t s  

L. C. H a m i t e r ,  Jr. 
SEE- QUAL-QT 

ORECTIVE : 

-- 
5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL% 

PO5 -45 3- 39 86 Spencer E. Smith, SGE-QUAL-Q 
6. ACCOMPLISHMEN3 S (Milestones, ProJbfemS, Near term activltles): 

To develop approaches for assessing and assuring predic tab le  long 
operat ing l i f e  of microcircui ts  and o the r  e l e c t r o n i c  devices used i n  
aerospace appl ica t ions .  

This a c t i v i t y  is coordinated with the  NASA Predic tab le  Long L i f e  
Microelec-crcnics Prcjgram: 

1 e 
ducting p a r t i c l e s ,  bad w i r e  bonds, and damaged or improperly dressed 
lead  w i r e s .  This is being accomplished primarily by the  transition 
from "flying leads" to  "beaa leads" and the  development of metal- 
l i z a t i o n  pass iva t ion  techniqces. 

2. 
tantalum case ) TO el imlnate  f a i l u r e  mechznisms caused by sil;rer e l ec t ro -  
migration during reverse b ias .  

APPROACH : 
Speci f ic  t a sks  are : 

Elimination 02 microcircui t  f a i l u r e  inecha6isms caused by loose con- 

Development cf ai a l l  tantalum capac i tor  (wet taEtalum s lug  and 

3. Develop new and improved screening and acce lera ted  t e s t i n g  
-techniques f o r  quicker more accurate assessments of long l i f e  s t a b i l i t y  
and c h a r a c t e r i s t i c s .  This inciudes development cf electrom3gnetic 
screening techniques for microc i rcu i t s ,  i den t i fy ing  f a i l u r e  mechanisms 
of s o l i d  encapsulated m i c r o c i x u i t s  used i n  space environments, and 
assessing the  effects of appl ica t iona l  and environmental stressss on long 
l i f e  c h a r a c t e r i s t i c s  of s o l i d  tam2alum czQacitors. 

(Cont'd on page 2) 
r.  REPORT NO.: TITLE: AUTHOR(r): DATE 
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NAS8-28096 
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NAS 8-2 99 40 
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STATUS : 

1. 
of Packaged Eeam Leed Low Power Transistor-Transistor Logic 
Integrated C i r c u i t s  w i t h  Protective Overlay Coating," Texas 
1nutr.umeiits - A l l .  microcircuits have been manufactured and 
tes ted. The devices passed a11 environnental tests without 
m y  fa i lures .  This program hss  demonstrated t h e  beam-lead 
package reliability and proven t h e  ca2ab i l i t y  of deposit ing 
g l a s s iva t ion  or? beam-leaded microcircuit  d i e .  

2. NASS-29819, "Design, Development , Manufacture, and 
Q u a l i f i c a t i o n  of Ket-Slug All-Tantalum Capacitors," Sprague 
Electric Company - rabr ica t ion  and e v a l u a t i m  of the  welding 
equipment has been completed with over two hundred un i t s  
having been welded. 
for  the monc-metallic tantalurr. cathode have been f i n a l i z e d  and 
implemented during t h i s  period. 
parameters of t h e  tantalum powder to t h e  case has been modified 
t o  improve the  adhesive chmacteristic without s a c r i f i c i n g  
capacitar?ce, e f f i c j ency  OF stability. To da t e ,  the  program 
has been success fu l  i n  developing an a11 tantalum capac i tor  i n  
t h e  T-3 case s i z e  wtth a m i n i m u m  of two v o l t s  reverse 
c h a r a c t e r i s t i c  with no d x e r v e d  degradztion. 
ready t o  move i n t o  t h e  qual i f icat i .on phase. 

3. NAS8-29940 , "Procedure Development f o r  Application of 
Parylene Coating and Associate2 Controls and Inspecticn 
Criteria," Hughes Aircraft - The optimum coating thickness for 
hybrid microc i rcu i t s  has been determined t o  be approximately 0 . 2  
m i l ,  This thickness provides optimum adhesion and in su lz t ion  
c h a r s c r e r i s t i c s .  A method for v i sua l  de tec t ion  of t h e  
t ransparent  Parylene on unwanted surfaces  , such as, sea l ing  
areas where welding or soldering the  case assembly is necessary,  
has been develcped. A dye (anthracene) added t o  the  r a w  
Parylene causes it t o  be f lo re scen t  under u l t r a v i o l e t  l i g h t .  
The Parylene coating has been teFted on interconriecting w i r e  
bonds-and t h e  bond strlecgth does not appear t o  be, a f fec t ed .  

4. NAS8-30394, "Re l i ab i l i t y  Testing for Assessmerit of 
. Application &d Environmsnfal S t resses  on Long L i f e  Cha rac t e r i s t i c s  
of Sol id  T a n t a l u m  Capacitors , ' I  Hughes Aircraft - This program 
is t o  develoG e f f e c t i v e  and realistic engineering da ta  and 
cri teria t o  quant i fy  t h e  degra2at im t h a t  r e s u l t s  i n  s o l i d  
tantalum- ca+itors f r o m  various spaca app l i ca t iona l  condiciops 
and environnental  stresses. The program began i n  January, 1974 
and the effort to da te  ha; consisted of planning the  tes ts ,  
designing t h e  power i nve r t e r s  t o  be used i n  provi2ing fast 
r i p p l e  v o l t a ~ e s  and i n i t i s t i n e  p a r t  pmcurement. 

NAS8--28096, "Development an2 Prodnction Implementation 

Preparation. and processing parameters 

?he deposit ion and s i n t e r i n g  

The progrm i s  now 

t 

I 

I 
I 
1 
! 

- 
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5 .  NASe-30373, "Electromagnetic Radiation Screening of 
Microcircui ts  f o r  Long L i f e  Applications , I 1  Hughes Aircraft - 
Preliminary r e s u l t s  with power t r a n s i s t o r s  i nd ica t e  e l ec t ro -  
magrietiz screening may be a more cost effective screen fo r  semiconductor 

, r.?~~lice channeling. The electromagnetic screecing (X-ray) could 
. .  he present  tes t  t i m e  (using high temperature-reverse b i a s )  

..- - . . . * *  II fs t o  h31irs. 

- .  6.' 4iJAS8-28265, "PhotomultipXer Tube R e l i a b i l i t y  Study,f1 Bedford 
Engineering Company - This program is complete. 
3 r d  inforwzt f m  were generated to  prepare a screening and inspect ion 

Suf f i c i en t  data  

5 1 .  -. - . sl" ~ C ; S Z ~ O ~  For photomultiplier tubes used i n  space appl ica t ions .  
; '  y = .  

7 .  
Device," Electronic  Co&uiiications, Inc.  - The layout  of  t h e  
o*&s"i=rai-e p a t t e r n  has been changed t o  accommodate t h e  redesign 
, t f i  .i.teJay t h e  turn-on of t h e  normally open contact .  

NASB-28748, "High Re l i ab i l i t y  Hybrid Microcircuit  Switching 

. 
. . - . . . 

ikmagement Progress : 

1. 
€or Long &ife Appl!.cationsl' has  been prepared and proposals for t he  
program have bezr, evaluated. A cont rzc t  should Se awarded by Apri l  
-15, 19?:b. 

A Scope of Xork for  a "Study c/f S o l i d  Encapsulated Microcircuits 

T k e  object ive of t h i s  program is  t o  sa the r  and evaluate  
inform3tion r a l a t i v e  t o  s o l i d  encapsulated micro- 

. *I - ? h i s  assessment w i l l  be used t o  devel3p a d e t a i l e d  
evaluat ion program t h a t  will determine the  performance czpab i l i t y  
62 so l id  encapsulated devices i n  long l i f e  space appl ica t ions .  

. .  

, .  . a * - . . -  L .. 
_. .- - 0 .  ~. - - .. , Cnqmact NASB-30394, "Rel iab i l i ty  Test ing for Assessment of 

...n m c & - t i o n  and Environmental S t r e s ses  on Long L L f c  Cha rac t e r i s t i c s  
, .. of Sol id  Tantahm Capacitors," w a s  awarded t o  Hughes Aiixraft on 

-i%muary 3, 197q. 

3, 
MicPocircuits for 'Long L i f e  Applications , I1  w a s  awarded tq, 
.&ag.hes Aircraft on November 16 ,  1973. 

4. 
L i f e  of Transient Voltage Suppressor (TVS)" has been prepared 

. I (  , * .. - * Wact  award should be made by end of Apr i l ,  1974. The 
, _* - . -  . *of t h i s  prc,gram is  t o  determine the  TYS mean t i m e  between . - '  . - %. 1 ... mi.as a function of surge pulse  cur ren t ;  i den t i fy  all 

s i g n i f i c a n t  f a i l u r e  mechanizms; develop guide l ines  f o r a p p l i c a t i o n  
and dera t ing  of  thase devices; and e s t a b l i s h  screening and 
inspect ion criyeria. 

1 
Contrdzt NAS8-30373, "Electromagnetic Radiation Screening of Micro- 
c i r c u i t s  for Lmg Life  hpplication," - Progress has been delayed due 
d i f f i c u l t i , x  i n  modifying ex i s t ing  X-ray spparatus for  t h e  required 
pulse  mod?, 

Contract NAS8-30373, *'Electromagnetic Radiaticn Screening of 

, I  

A Sc&e of Work for a "Rel iab i l i ty  Study of the  curge Pulse  

, -  

PROBLEYS : 
to 

! 
FORECAST : None 
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I. CENTER: 2. PERIOD COVERED: CODE 

lPRlGR NO.: CURRENT NO.: 

MSFC 1 01 10 73 to 31 03 74 502-24-17 502-24-17 
8. TITLE: 

Solar Array Technclogy for  SEPS ----- 
TELEPHONE: APPROVAL: 

\.vi L-(-->*. 6-, 5. HESPONSI6LE INCIVIDUA,L: 

Dr. J. B. Stephens? 
S&E-AERO-YA< . 205-453 - 3168 William wf Vaughan 

TASK: Environmental Impact of Solar Electric Propulsion System Operation 
NAS8-2162 1, 5ockwell Ir1terna.tional Space Division, Downey, California 

i. ACCOMPLISHMENTS (~iiartnner, Problems. Near term activltlss): 

OBJECTIVE: The  objective of the study is to determine the effects of the operation 
of a mercury ion thruster  on the earth's environment. 

APPROACH: 
using a solar electric propulsion system wirh a mercury ion thruster. 
of the operation of such a thruster f rom the time of its launch up to geosynchronous 
altitude and return shall be studied. Normal usage as well as possible abort  modes 
\-/ill be analyzed in detail.. 
and/or precipitation into the lower atmosphere o r  to the surface wi l l  be studied for  
the various modes of usage in earth orbital cperations, i. e, , operation iri near- 
earth orbits, operation between near-earth and geosynchronous altitudes, operation 
at geosynchronous altitude, operation f rom near-earth to heliocPntric orbits. 
Additionally, the effects of mercury release by failures which result in aborting the 
mission w i l l  be studied. 

Identify and investigate in detail the effect On the environment of 
All aspects 

Lifetimes of mercury ions at orbital altit-ides, trajectori.6 

T 

Develop analytical models which can be used to study th? motion, 
dispersion, diffusion, mirroring, o r  precipitation of the mercury icns into the 
atmosphere during the operationa.1 and abort modes. Utilize the NASA/MSFC Multi- 
layer Diffasion btodd to ascertain the transport patterns of mercury released in 

SD 73-SA-0167 Study of the Envircsnrnental J. B. Weddell, E.P.  $"eb. 25, 1974 
TITLE: AUTHORis): DATE 

TRANSMITTED 
?. REPORT NO.: 

Impact of Solar Electric French, J. VV. Haffner, 
Propulsion Syste.m Opera- and C. D. Martin 
tion I 
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STATUS: - Technical ProirZ3: The failure mode analysis for a SEPS mission 
has been como,t-ted and shows thar mercury would normally be released 

and. decay of n,ercur]; in the magnetosphere has been analyzed using the 

have been analyzed in the ionosphere and the ozone layer. 
MSFC Multila.yer Diffusion Model has been utilized to analyze on-pad 
expJ.osiono and aborts in che troposphere. 

From the studies above, it has been determined that the normal operations 

1 

i 
in the magnetoxb>here or above, unl5:ss there is a failure. The transport  

program SPIRAL. The effects dce to aborts resulting from explosion 

f . 
I 
5 

The NASA/ L 

of SEPS will  n& result in any adverse ecological consequences. 
released heyo& the  magnetosphere in interplanetary missions will be 
deflected fram our te r res t r ia l  environment by the earth's bow shock. 
normal operations of SEPS in  the magnetosphere on geosynchronous 
missions will result  in  the ionized mercury being held in the earth's 
magnetic field and slowly diffusir-g back to the earth at rates well below 
the toxic threshold for m.ercury. The effects on communications wil l  be 
limited to wavalengths which are normally reflected by the E-layer; 
therefore,  there  wiil not be a n  adverse impact in  this area. Worst case 
analysis SROWS +hat a ccnflagration due to a failure in the ionosphere o r  
the ozone layer would result in  a perturbation of t k i s  region of the same 
order  a3 normally experienced in the nature cycle. Worst case analysis 
shows that a canflagratioii in the troposphere results in an environmental 
perturbation which is acceptable. 

Mercury 

The 

Forecast: Additonal investigation will be required by specialists in 
selected aread to a s ses s  theoretical contingenceis which could 
potentially occur- that is, (1) the photodissociation of rnkrcury oxide 
in the stratosphera, and (2) mercury deposition diffusion model for  
the tropeephere I 

I 
Problems : None " .  

- ,.- - _r* i c -. - .  - 
L .  
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PRIOR NO.: 

Launch Vehicle Propuls im Technology 

TASK: 

OBJECTIVES: 
l imited understanding in descr ib lng  the engine f o r  vehic le  Pogo evaluation. 
requires  t h a t  acceptable  engine Pogo da ta  await the  a v a i l a b i l i t y  of engine test r e s u l t s .  
The object ive of t h i s  e f f o r t  is t o  improve the bas ic  underatanding of c a v i t a t i n g  inducer. 
dynamics so t h a t  accurate  engine a d e l  for Pogo can be prepared and used p r i o r  to 
acqu i s i t i on  of test r e s u l t s .  

APPROACH: 
upon blade c a v i t a t i o n  and babble gcowth theories  of cavi ta t ion .  
analyses will be correlated w i t h  e x i s t i n g  d a t a  w h e r e  possible.  
analyszs r e s u l t s  w i l l  be used t o  guide the  design of a ve r i f i ca t io r i  test: f a c i l i t y .  
test f a c i l i t y  w i l l  be designed and b u i l t  and aualyses v e z i f i c a t i o n  tests w i l l  be run. 

STATUS: 
and a more complete, general  dynamic analyses were made for the cmplimce of a cavi- 
t a t i n g  cascade. The general  dynamic czse is a new fundamental problem i n  unsteady dynam- 
ics. 
with t h e  objec t ive  of obtaining numerical results. In the  q u a s i s t a t i c  case the completed 
aua lys i s  was extended to  a number of e x i s t i n g  turbopumps (J-2, F=1, H-L).cocket engines an 
the r e s u l t i n g  compliances compared with values deduced from experiments. 
v a l i d i t y  .of much of t h i s  experimental da t a  is opea t o  some doubt, t he  fact. t h a t  t he  

Dynamics of Unsteady CziVitating Cascades, W8-29313, NAS8-28046; Cal i fo rn ia  
I n s t i t u t e  of Technology, Pasadena, Cal i forn ia  

The 6ynrwic.s of the cav i t a t ing  purrp inducer represent  the major area of 
This 

Analysis of the  dynmica of cav i t a t ing  pump inducers w511 be conducted based 
The r e s u l t s  of these 

I n  addi t ion,  t h e .  
The 

Technical Pronrem : Emp!.oying f in i te ,  cav i ty  cascade cheory, both q u a s i s t a t i c  

The bas ic  a n a l g t i c a l  formulation of th5s case was completed and work is continuing 

Thmgh the  

7. REPORT NO.: AWHO RO) I DATE TRANSMITTED 

ASME Polyphase Flow A Note on Turbopump C, Bretinan ~L Masch 1972 
Forum - S a  Francisco Blade Cavitatl(on and 

Compliance for t h e  A, Jb Acosta . 
, POGO I n s t a b i l i t y  

Journal of Spacecraft Theore t ica l  Quasistatic C. Ereman March 2933 
and Rockets, Vol, 10, Analyses of Cavitat ion and 
NO. 3, pp 175-180 Compliance i n  Turbopumps A, J. Acosta 

, 

t 

'Submitted for pub- A Note on the Unsteady , J. H, Kim 
l i c a t i o n  to  ASME Cawfty FLOW i;a a Tunnel and 

A. S. h o s t a  I \ 

U 
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STATUS (CONCGJDED) : 

theory underprediczed by as much as a n  order of magnitude i n  some instances motivated a -  
study of o ther  forms of cav i t a t ion  as a source of compliance. 
study of the  dytlamic behavior and compliance cjf streams of cav i t a t ing  bubbles w a s  un6er- 
taken with both rnLinstrearn and backflow streams i n  mind. This inves t iga t ion  led t o  some 
very satisfactory cesu l t s  la terms of agreement with ex i s t ing  data .  

As a r e s u l t ,  an in-depth 

To v e r i f y  the r e s u l t s  of these  avalyses,  a snall-scale model system w a s  constructed and 
is now being used t o  ob ta i c  bece f i c i a l  data.  
loop with provisions fox f l w  per turbat ions upstrean and downstream of the pump. Per- 
tu rba t ion  flow i o  bein:: measvred using laser velocimeters. A model SSME oxidizer  
inducer w i l l  be tes ted  t o  p r w f d e  da ta  d i r e c t l y  usable t c  t h a t  program. 
ind ica tes  a l l  desired da t a  t o  support the  analyses can be obtained. 

Manageme n t Pro Ere ss: 
A one-year extension e f f e c t i v e  October 27, 1373, has been made t o  t h e  contract .  
extension was funded for $52,900. 

C onc lu s i on: Quasistatic ana lys i s  of blade compliance gave r e s u l t s  which are s i g n i f i c a n t  
l y  lower than ava i lab le  data .  
c a v i t a t i n g  bubbles gave coxpl iance rsasonably c lose  t o  e x i s t i n g  data.  
gives a r e s u l t  which is matbeniaticallg complcx and frequency dependent. 

Problems : None 

The model system cons i s t s  of a 3” pump 

Testing t o  d a t e  

I 

Funding f o r  t h i s  e f f o r t  has been t r ans fe r r ed  t o  SSME (983-15-11). 
The 

Anelysis based upon dynamic behavior o f  streams of 
This ana lys i s  

I Forecast: No fu r the r  URS r epor t s  w i l l  be i s m e d  on t h i s  task. 

t 
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1. CENTER: ' 

MSFC 
p. TITLEI 

ic le Propulsion Technology 

--(TELEPHONE: AWROVAL: 

J, A, Lombard0 

: Performance Data Analyais Manual, NAS8-28603; North American Rockwell, 
Rocketdyne Divi3fon, Canogz Park, Cal i fornia  

Develop a JANIW reference manual which spec i f i e s  standardized methods for  
g rocket engine perfomance from tes t  data .  

.PPROACH: 
,etermination. Specify metheds for instrument ca l ib ra t ion ,  da t a  recording, da t a  
veraging, and uncertainty de te rn iza t ion .  Es tab l i sh  acceptable measurement practices and 
r i ter ia  f o r  test model selectiorr. Determine optimum methods f o r  reducing e x i s t i n g  test 
a t a  which has been accunulated without the  benef i t  of these standardized measuring pro- 
edures. 
lerformance evaluat ion procecivxea . 

Ident i fy  p a r t i c u l a r  measurements f o r  overall and ~ individual performance loss 

Se lec t  spec i f i c  experimental perfomance da ta  f o r  the  ca l ib ra t ion  of a n a l y t i c a l  

Technical Progress: A 1 1  task i t e m s  have been completed and the recommended pro- 
are published i n  the "JANILW Rocker Engine Performance T e s t  Pata  Acquisit ion and 

e t a t i o n  Manual," CPIA Publ ica t icn  245. 

An addi t iona l  document e n t i t l e d  " J A W  Rocket Engine Performance Methodology SampLe 
ases," CPIA Publication 245/246,was d i s t r ibu ted  as a supplement. 
erformance d a t a  obtained from t e s t i n g  of three rocket  engines as well. as a l l  necessary 
arameters necessary t o  conduct a n  ana ly t i ca l  performance predic t ion  i n  compliance with 
he standardized report ing format. 
ame three rocket engines, considered as sample cases, are conducted under a separate  

This document shows 

A t  present ,  ana ly t i ca l  performance predict ions f o r  t h  

Air.Force Rocket Propulsion Laboratory. The r z s u l t s  w i l l  be 

JANNU Rocket Engine Perf orma lice 
T e s t  Data Acquisi t ion and In te r -  
p re t a t ion  Manual 

I 

I 

CPIA 245/ 246 3AhW Rocket Lngine Performance Rocketdyne L N o v  1973 
Methodology Sample Cases 
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- _  r- 
f %ATUS (CONCLUDED) : 

%:# WTA 2ubLieation 245 has been ident i f ied  as a preliminary document 
$ % d e r  t o  d i s t r i b u t e  the manual and exercise the  procedures wi th in  the rocket  communit 
AE a Later da te  t h e  J A W  Performance Standardization Working Group w i l l  take the  
gppropriate  ac t ion  t o  iden t i fy  subjec t  document as the  reference procedures. 

Laclusion: A standardized technique €or 
t r e a t i n g  performance data  obtained from engiiie t e s t i n g  is f e a s i b l e  provided the proper 
measurements are made. 

&&rems: Nonz 

ge nient PronrCu: 

The program o5jec t ive  was successful ly  met.  

m a s t :  This is :he last URS r epor t  t h a t  will be issued on t h i s  task. 1 
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1. CENTER: 

MSFC 
4. TITLE: 

Launch Vehicle Propulsioa Technology 
---- 

ACCROVAL: 

3. A. Lombard0 

5. RESPONSIBLE INOIVLOL~AL: 

K. W. Gross I 205-453-3815 
6. ACCOMPLISHMENTS (M'lWoneS. PrObi@mS, Near t&m MtiVltlOS): 

I_ TASK: Coaxial In jec t ion  Canbustion Model, NAS8-29664, North American Rockwell, Rocketdyn 
Division, Canoga Park, Cal i forn ia  

OBJECTIVE i 
coaxial  i n j ec t ion  and combustion of liquid-gas propel lants  for  advanced rocket  'engines. 
Structure  the computer program t o  f i t  i n to  t h e  standardized S W  performance evaluation 
procedure. 

Provide an operat ional  compcter program and documentation appl icable  to 

APPROACH: 
necessary i t e r a t i o n s  wi th in  the program t o  increase so lu t ion  accuracy and t o  economize 
computer execution time. 
conform with the r'ormat of o thar  2.WNAF c k p u t e r  programs. 
=ATUS: Technical Progress: 
several times t o  accomplish the analys is  of a f u l l  combustcr using coaxia l  i n j ec t ion  
elements. To avoid such a slow and t e d i o w  process invclving handmi t ten  t r a n s f e r  of 
data ,  i t  w a s  decided t o  modify the computer program so t h a t  it performs a l l  necessary 
i t e r a t ions  within a s ing le  rm. 
appl icable  t o  the  J A N "  Two-Dimensi.onaL Kinstics (TDK) compster Fr0gra.n. This change 
i n  the  scope of work required cont rac t  extension of two addi t iona l  months. During the 
e f f o r t  t o  improve the  ''cup" pressure drop calculat ion,  t h e  computation of the  pressure 
recovery due t c  the  expansion around the oxidizer  post  ha? proven t o  be more complicated 
than ant ic ipated.  
Due t o  t h i s  pro t len ,  another cont rac t  extension of one and one-half months vas granted. 

Modify the  numerical ana lys i s  of an  e x i s t i n g  computer program and conduct a l l  

Update 2nd extend the  physical propellant, p roper t ies  t o  

The or ig ina l  ccmputer program was s t ruc tured  t o  be re run  

The r e s u l t s  punched on computer cards are then d i r e c t l y  

Consequently, a number of t2chniques are s t i l l  being invest igated.  

&@Eeyim c&nputer-progratn has been proyided t o  MSFC f;o make it o p e r a t i m a 1  on-the 
108, such t h a t  changes for a sa t i s f ac to ry  cup presstire drop computation can 

7. REPORT NO.: TITLC: AUTHOR(s)c DATE 
TRANSMITTED 

Program Plan 
Monthly Progress Report for :  
Period Ending: 31 May 1973 

30 June 1973 
31 Ju ly  1973 

I1  II 

I1 I1 

I t  81 31 August 1973 
I1 30 Sept. 1973 

31 Octo 1973 
30 Nav. 1973 
.31 D ~ c .  1973 
31 Jan. 1974 
28 Feb. 19?4 

II 

I t  I1 

I 8  I n  

I 1  I 1  

" . It  

I1 11 

I I I 

I 

L. P. Combs 

L. P. Combs 
I1 

II 

PI 

It  

11 

I1 

I1 

I1 

II 

2 1 p a y  73 

13 June 73 
12 J u l y  73 
10 August 73 
10 Sept. 73 
5 Oct. 73 
7 Nov. 73 
5 Dec. 73 

11 Jan. 74 
11 Feb. 74 
11 March 74 
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p i c k l y  be implsinented. 
>ressure drop ca l cu la t ion  part:. 

w s n r o ~  P erc,~~: 
)etween t h e  contractor  and MSFC w a s  obtained t o  perform a l l  necessary i t e r a t i o n s  within 
1 s ing le  compuiser run. 
idif ica t ion  cycle  and p r in t ing  of addi t iona l  copies and d i s t r i b u t i o n  of the copies 

Preparation of a user 'c  manual is complete except f o r  t he  

Tc r a m i n  wi th in  tne o r ig ina i ly  amount ofSrnding, mutual agreement 

='he aser's manual w i l l  be provided t o  MSFC without a d r a f t  and 

be conducted hy MSFC. \ 

:onclusion: 
:omputer program aqd a s s x i a t e d  use r ' s  manual w i l l  be ava i lab le  on Apr i l  15, 1974. 

?roblemS: 
:est data. 

The t a sk  object ive is expected t o  be successful ly  m e t  and an operat ional  

Predicted cup pressure drops are not s a t i s f ac to ry  compared with e x i s t i n g  

:ause of Problem: 
recovery i n  the cup- 

;01ut ion of the Problem: 
,e ing invest igated . 

Inclusion of a rigorous ana ly t i ca l  model t o  determine the pressure 
I' I1  

A number of,techriiques t o  obta in  a s a t i s f a c t a r y  so lu t ion  are 

'orecast: 
simplified approach w i l l  be used i n  t h e  computation process. 

I f  a rigorous so lu t ion  for the  "cup" pressure drop €ails,  cnn e x i s t i n g  

i 
. .  . 
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Is ion Technology 

: Boundary Layer Integral. Matrix Procedure (BLIPIP), NAS8-23667 , Aerotherm Division, 
Acurex Corporstion, Mmntain View, Ca l i forn ia  

Provide a computer program and documentation f o r  rocket nozzle boundary layer  
e loss and heat  t r a n s f e r  ca lcu la t ions  capable of t r e a t i n g  regenerative,  t rans-  

andardized JANNGF rocket nozzLe performance determination methodology. 

Tai lo r  the e x i s t i n g  BLIMP program t o  rocket nozzle boundary l aye r  analys is. 
lu t ions  from other  JANHAP reference programs t o  account f o r  the streamwise 

u t e r  and program operation w i l l  be ve r i f i ed  with a l iqu id  engine t e s t  case, 
he v a l i d i t y  of the  code fo r  problems of inmediate eoncer.1, the  code w i l l  be v e r i f i e d  by 
omparing predicted r e s u l t s  t o  w e l l  documented high qua l i ty  expeximentzl da t a  fo r  flows 
hich include the following features:  turbulence, blowing, streamwise pressure gradients  
nd var iab le  f r e e  stream gas composition. 

To e s t a b l i s h  

AWHO R(r). 

Project Work Plan h a r d  Morse 3 July 73 

Howard Morse 1 August 73 
I 

L Septr. 73 
I oct. 73 
1 Nov. 73 
26 Nw. 73 

Fina l  Report (Craf t )  Acurex Corp, 31 Jan. 74 

User'e Manual I? 15 i4arch 74 

I f  It  I f  Second ',' 
I1  

I t  

I 1  

I 
i 

I 

FIRST BENEFITTING PROJECTS: Shu t t l e  an3 Tug 
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- 
STATUS: Technica 
t o  the l imited av  
t o  the ex ten t  as 
add iti ona 1 sample 
BLIMP compLter pr 
computer. 
p r in tout ,  r e s u l t s  has baecl completed an& published. 
accomplished and publ icat ion w i l l  s t a r t  shor t ly .  

Tke user's manual describing the  computet program input requirements and . 
Review of the  f i n a l  reFort: has been 

P- c : Requests t o  various Government agencies and p r iva t e  industry tc 
provide experimeqtal da t a  neccssary t o  e s t a b l i s h  the  v a l i d i t y  of the  BLIMP program 
predict ions have resu l ted  i n  only two sets of data.  
for t h i s  t a s k  e f f i c i e n t l y ,  the cont rac tor  was di rec tod  t o  execute a s o l i d  motor boundar 
Layer s smple  case which is of i n t e r e s t  t o  MSFC. 

I 

In  order t o  use the assigned funds I 

Conc lus ion: ALL task object ives  have been met successfull9.  

Problems : None 

Forecast: Only the  f i n a l  repor t  remains to  be published and is scheduled f o r  Apr i l  1974.1 
Therefore, t h i s  is the last URS report  t h a t  wiJ-1 be issued on t h i s  task. D 

_- 
I- 
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PROGRESS REPORT 

RESEARCH ANCI TECHNOLOGY OPERATING PLAN PAGE 1 OF 

. CENTER: 2. PERtOO COVERED: 3. CODE 
r 

CURRENT NO.; PRtOR NO.: 

01 -- 10 93 31 03 74 502- 25-73 uskc 
,. TITLE: 

Multi KW DC Cistributf on System - Evaluation and Demonstration 
. RESPONSIBLE 1NOIVtDUA.L: TELEPHONE: APPROVAL: 

R. M. Aden 
453-4630 SeE-ASTR-E J. I. Felch 

I I ,. ACCOMPLISHMENTS !Mlle~trton.r, Problem%. Near tWnl aCtlVltlOS): 

Task: - Study on Muiti-KW DC Distribution System 

2ontract No: NAS9-28726 - TRW' INC., Redondo Beach, Calif. 

Dbjective(s): TO demonstrate and evaluate the significant benefits of reliability, 
Neight and system design flexibil i ty disclosed by the Space Vehicle Electrical Power 
Drocessing, Distribution, and Control Study (RTOP 11 3-60-21) for  DC power distri- 
>ution in excess of 100 volts. 

4pproach: Design and fabricate technology test facil i ty at MSFC. Contract' effort for  
wogram definition of detailed test objectives, test art icle sizingfselectioq and teest 
)rocedures. MSFC inhouse effort for aesiGn, procurement and instal lation of the 
echnology test facility; comDonent and System testing, analysis and eva!;ration. 

Status: Technical Progress - Program objectives and s y s t e m  baseline established 
ind system design in pragress. 

Management Progress - ProcuremznLof hardware with FY--74 funding has 
>een initiated. TRW contract extension procurement actiun initiated. 

Conclusions - None. .. 
Problems - Costing limitations on FY74 funds'wit! delay delivery of most 

rardware buys unti 1 aft e r  July 1974. 
TITLE: AUTHOR(r): MATE TRANSMITTED ' '. REPORT NO.: 

F i r s t  Benefiting Project: CVT 
. ?  
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Forecast - Milestone schedules have been updated to r e  
A coordiiiation meeting at M 

current design 
with TRW is PFogress and hardware deliveries. 

@\armed for April 2, 3, 1974. 

I 

.. 

i 
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PROGRESS REPORT 

1 OF 1 RESEARCH AND f SCHNOLOGY OPERATING PLAN 
PAGE 

I. CENTER: 2. E R I O D  COVERED: 3. CODE 
CURRENT NO.: PRIOR NO.: 

115-24-05 01 10 73 31 03 74- 502-33-53 
NSFC 

$. TITLE: 

Sensor and Iastrumentaticm Research 

5. RESPONSI BLE INDh'I DUAL: TELEPHONE: APPROVAL: 

SR-ASTR- IFF 
453-3943 I W. 0. Frost John Hamlet I 

;. ACCOMPLISHMENTS (Wilestones, Problems, Near term actlvttlsr): 

TASK: Propellant Ut i l iza t im Instrumentation, 
-27657, SCI Electronics, Inc., Huntsville, AL 

Ol3JFCTIvE(S) : To develop instrumentation for shuttle propellant ut i l izat ion.  

APPROACH: 
requirements. 
achieved improvements. 
w i l l  be incorporated with 'tkk work where applicable. 

STATUS: 
'ZEX&3, Phase I, design defiJlition, i s  scarpleted. and design goals established. .--Three 
engineering models are cmpleted uld evalmtion started.  

Areas requiring t&mology advanamentwill be defined based on system 
Engineering model w i l l  be developed under contract to  demonstrate 

Loading requirements and l icpid leve 1 measuring requirements 

Technical Progrss  - Mzjor psoblsm areas in  signal conditioning have been 

Management Progress - Contract extended t o  March 31, 1973. 
t o  delete the qualification and re l ia5 i l i ty  require;nents.mil t o  specify thzt three 
engineering models be bu i l t  instead o f  the qualification wit an3 production unit. 
Conclusions - None 
Fbrecast - EvaZua5:ion of the hardware w i l l  require m m e  time thm originally estimated 
because of the additional engineering models t o  be tested and because of lack of 
manpower. 

The contract was modi f i ed  

-- 
r. REPORT NO.: TITLE: AUTHOR(s): CAT€ 

TRANSM 1 TTED 
Phase I -Design kf in i ' t ion  L 

Final Report 1 

I 

FIRST BENEFITTLhG PWXCT: Space Shuttle 



RESEARCH AND TECHNOLOGY OPERATING PLAN 

. CENTER: 9 

- 
MSFC . 

I. TITLE: 

S e n s o r s  and Instrumer- ta t ion - R e s e a r c h  
i. RESPONSlbLE INCIVIDUAL: TTELEPHOME: I APPROVAL: 

H. Coldstein I .* 4.53-5613 I W. 0. F r o s t  
i. ACCOMPLISHMENTS (Milestoner. ProDlsms. Near term actlvltler): 

TASK: Cryogenic  M a s s  F lowmete r  
NAS8-27732, Simmcnds  R e c i s i o n  Products ,  Inc., Yergennes,  V'I' 

OBJECTIVE(S): To devs lop  a capac i tance  dens i tome te r  coupled with a head type 
meter f o r  providing a rugged flight type c ryogenic  m a s s  f lowmeter  capable  of 
opera t ing  o v e r  the flow racge of 100 - 200 l b s / s e c  fo r  LHZ and 475-1200 i b s / s e c  
f o r  LOX with a p r e s s a r e  drop of 5 psi  t o  1 0  psi. 

APPROACH: 
which wi l l  a d h e r e  to  the  Shut t le  engine l ine  configuration. A 4" prototype of t h i s ,  
device  wi l l  be bui l t  a n d  tested for flow rates up to  90 Ibs / sec .  

STATUS: Techn ica l  P r o g r e s s  - Work 1s completed on t h e  f ab r i ca t ion  of t h e  4" 
,prototype meter. 
Management  P r o g r e s s  . The 4:' prototype meter has been  de l ive red  to  the  
test s tand.  The earliest d a t a  t h a t  t es t ing  c a n  be s t a r t e d  is July 1974. 

A combina t ion  capac i tance  d e c s i t o m e t e r  head meter wi l l  be developed 

/ 

TITLE: - AUfiOR(s): DATE 
TRANSMITTED 

r. REPORT NO.: 

' P h a s e  I I i epor t  
i 2. 
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' 1  01 10 73 31 03 74 502-33-53 115-24-05 

TASK:. P rope l l an t  Quant i ty  Gaging w d e r  Z e r o  G 
NASS-28574, TRY1 Sys tems ,  Kedondo Beach, CA 
NAS8-30160, Bendix, Davenport, IA 
NAS8-25097, M e t r o  Phys ics ,  Phoenix, A 2  

OBJECTIVE(S): 
accurate propel lan t  quant i ty  m e a s u r e m e n t  uoder zero "g" condi t ions.  
s h a l l  b e  capab le  of p r w i d i n g  a m a a s u r e m e n t  of propel lan t  quant i ty  of the  maneuver in  
tanks  with a n  a c c u r a c y  of b e t t e r  than two percent .  

To develop a n  ins t rumenta t ion  s y s t e m  capable  of providing 
T h e  s y s t e m  

Hopefully, the  technique  
chosen  wi l l  be capable  of providing a highly a c c u r a t e  quant i ty  m e a s u r e m e n t  at 
a c c e l e r a t i o n s  of e a r t h  gravity, boos t  phase,  and zero IIg" so tha t  one s y s t e m  can  be 
used  f o r  quantity m e a s u r e m e n t s  under these  conditions.  

APPROACH: 
z e r o  tlg" quantity gaging, h c l u d i n g  those  within the p r e s e n t  stLte-of- t h e - a r t  and  
p romis ing  potent ia l  techniques.  
techniques,  both expe r imen ta l ly  and by m e a n s  of c s m p u t e r  s imula t ions ,  to  select 
the  m o s t  p romis ing  f o r  f u r t h e r  development. 
w i l l  be p r e p a r e d  embodying t h e  m o s t  promis ing  approach.  

A s u r v e y  and  evaluation has beer,' conducted to def ine techniques  f o r  

Ektensive evaluat ion w a s  m a d e  of t h e  v a r i o u s  

A de ta i led  development  spec i f ica t ion  

r. REPORT NO.: TITLE: AUTHQRir): DATE 
TRANSMITTED 

F i n a l  Repor t  C o n t r a c t  NAS8-26116 N. E, Stan iey  b 

TRW; Z e r o  "G" Propei lan t  R. G. M o r r i s a n  

NASA Techn ica l  Memorandum 

P h a s e  A F i n a l  Report  

* Gaging of Cryogenics  

NASA TMX-58063, Volun1.t If. 

'.Cont act NAS8-30160, Bendix Corpora t ion  f 
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CU*RENT NOJCOOE: 

502 - 33 - 5 3 PROGRESS REPORT 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

PAGE 2 OF 3 . *  (&ontinuation Sheet) 

STATUS: Technica l  P r o g r e s s  

1. 
and  no f u r t h e r  developrrAent c.2 the RIGS i s  planned at this  t ime. 

Con t rac t  NAS8-28574 TRU' Sys tems  Inc. This  con t r ac t  has  been  completed 

The  con t r ac to r  cons t ruc t ed  two gages to ope ra t e  in a n  i s o t h e r m a l  mode.  The 
f i r s t  unit gagcd w a t e r  but gave  unsa t i s fac tory  r e s u l t s  on a LOX tank. 
w e r e  due to f l imsy  bellows which w e r e  unpredictable.  
p roblem a n  augmented  RIGS was cons t ruc ted  which used metal bellows d r iven  by 
a to rque  motor .  
in t roduced  e x c e s s i v e  noise  in the cont ro l  s y s t e m  and  f i l t e r ing  of the  s igna l  to 
r e m o v e  no i se  m a d e  t h e  gage  in sens i t i ve  to  u l lage  volume changes.  In view of 
o t h e r  gaging techniques ava i l ab le  addi t ional  w o r k  w a s  not pursued.  

The  p r o b l e m s  
To e l imina te  the bellows 

The  d o b l e  differentia tion of the  fo l lower  bel lows posi t ion s i g n a l  

2. 
p romis ing  f o r  LHZ but t h e  s o u r c e  s t r eng th  r e q u i r e d  to gage LOX i s  so  high as to  

Nuclear  Attenuation Gaging Sybtems are u t d e r  study. Th i s  method seems 

. be a sa fe ty  haza rd .  

3* Poin t  s e n s o r  Con t rac t  NASS-25097 wi th  Metro  Phys ics ,  Inc. for  fu rn i sh ing  
fou r  z e r o  "g" point s e n s o r s  with e lec t ronic  r eadou t  units t o  gage c ryogen ics  h a s  
been  completed.  
on the g l a s s  s u b s t r a t e .  T roub le  had been exper ienced  in producing uni form 
ca rbon  fi.lms but p rob lems  w e r e  solved a n a  d e l i v e r y  m a d e  of the s e n s o r s  i n  
March  1974, Tes t ing  of t h e s e  s e n s o r s  in a d r o p  tower  wi l l  be p e r f o r m e d  at  
MSFC. 

The point s e n s c r s  u se  c a r b o n  f i lm  e l ec t ron ic  beam depos i ted  

4. 
the  KC-135 a i r c r a f t  dur ing  September  1972. 
low I'g" and  two "g" m a n e u v e r s  a g r e e d  c lose ly  with the  ca l ib ra t ion  obtained on  
the ground in one ' 'g''. 

R F  Sys tem,  Bendix Cou t rac t  NAS8-30160. A flight system was flown a b o a r d  
F l ight  data f r o m  66 pa rabo las  durir .g 

An  18,500 gallon LOX tank w a s  gaged at MSFC in F e b r u a r y  1973.b P r e l i m i n a r y  
tank gaging s tud ie s  w e r e  p e r f o r m e d  using the  m a t h  mode l  to  select a gaging 
f requency  and  p red ic t ed  obse rvab le  mode count  when empty a n d  full .  A f t e r  t h e  
pred ic t ions  w e r e  m a d e ,  Bendix came t o  MSFC and r a n  the  tests t o  v e r i f y  t h e i r  
ca lcu la t ions .  
m a t h  m o d e l  a g r e e d  c lose ly .  

The  tank m e a s u r e m e n t s  and the  p red ic t ed  r e s p o n s e  based  upor, the 

1 
Bendix has  cons t ruc t ed  a vacuum jacke ted  c ryogenic  tank fo r  LOX and LH2 

test. 
acquis i t ion  s y s t e m  hzs  been  ins ta l led  in  t h e  test area which can  r e c o r d  da ta  
rap id ly  at e a c h  fi l l  l eve l  as the  tank is rotated.  
using LO2 and LH2 to comple t e  Phase R o f  the  cont rac t .  
awai t ing ana lyc is  of the  thowands of da t a  points taken during tes t ing.  

The  tank holds about  250 gallons a n d  is des igned  to gimbal.  A da ta  

T h e s e  teats w e r e  p e r f o r m e d  
The  t e s t  r e s u l t s  are 

I 

\ 

16YC - Form 3SO-l (March 1973) 
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Phase C is under contract and includes improvements to mode processing 
circuits, additional testing with cryogenics and pressure tests, and the gaging 
of a large LEI, tack. 

Management Progress  - Contract NAS8-30160, Bendix Corporation. Due to 
requirements fcr reduced spending rate, test schedules have been stretched 
out and t a sks  modified to  reduce costs. Tasks planned for  accomplishment in 
March 1973 were delayed u9til June 30, 1973. 
circuit  refinements and improved gaging accuracy are to be accomplished by Jan .  
1975. 

Conclusion - The Bendix R F  system is capable of gaging fluids though more 
refinement is  required. 
to war rant development of this system. 

Problems - The Bendix R F  system is capable of gaging fluids though a better 
understanding of the math model and of the elements which comprise the math 
model is required. It is believed that further aaalysis of past tank data along 
with data from the 18,50(! gaUm LCX tank and from the jacketed cryagenic 
tank will offer significant information and lead to a better definition and under- 
standing of the tank parameters arid gaging system elements and of how they 
.relate to each other. 
produce a more uniform illumination of the tank. 

Additional t a s k s  to obtain 

- c .  

Testing of the RIGS showed problems to be too great 

. .  

Improvexr~ents in antenna design have been made wKi.ch 

Forecast  - The Bendix Corsoration R F  system will be used as a basis for 
establishing the most feasible appnoach to pursue in prototy2e hardware. 

t 
1 .  - 

_.- -- . -- .- .- . MSPC - Form 35011 march 1973; 
_I_.. . _ .  . 
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PROGRESS REPOPT 

OF RESEARCH AND TECHNOLOGY OPERATfNG PLAN PAGE 1 
. CENTER: 12. PERIOD COVERED: 13. CODE 

CURRENT NO.: PRIOR NO.: 
502-33-53 502-33-86 I. 01 10 73 31 03 74 - lSFC 

I I I . TITLE: 
- .  - 

Sensors and Ins tmnentaiinn Research 
1ELEPHONE: APPROVAL: I . RESPONSIBLE LNDIVIDUAL: 

SEE - ASTR- I! IF 
Alex Hafner I 453-3940 I .Walter Frost 
ACCOMPLISHMENTS (Mllestoner, Probrems. Near term activities): 

T A S K :  Cas Analyzer 
-30254, Honeyw&J, Irrc . Minneapolis , Minn 

OBJECTIVE(S): To develop gas sensor systems and environmental control monitors t o  
determine the amount of 02 and CO2 in the h a i t a b l e  atmosphere on the Space Shuttle,  
dnd to  detect the presence of hazardous or  toxic gases 'and leakage o r  accumulation 
of fuel or oxidizer. 

APPROACH: A study of the requirements and ccmstraints of the applicztions and the 
techniques available is contiming. 
tested and new techniques inwstigated.  A contract has been awarded for  a pulsed 
inlet mass spectrometer. 
completed, a developem Frrlgrarli w i l l  be ir:itiated fo r  f l i gh t  system. 

STAlUS: 
Honeywell) is continuing. 
quantities of gas t o  be sampled, and four channels t o  wslyze fmr corstituents a t  
Once, eg 0 , Nz, CO2, H2O. 
ments in &e design. 

Appropriate sensors are being evaluated and 

k-ter preliminary investigations and evaluations are 

Technical Progresz - 'fie developerit of a Pulsed Gas Analyzer (NAS8-30254, 
Tile axalyzer has a pulsed in l e t  system to  admit small 

The contract w i l l  be amended t o  provide furlher refine- 

! 

AUTHCR(s): DATE 
'. REPORT NO.: TITLE: TRANSMITTED 

1. tionthly %ports Cabin Atmosphere W.W. Bursach 
:Contract Monitoring Sys tern Honeywell, Inc. '9/12/73 

' NAS8-30254 I 

. Final Report Cabin ~tmo~phere I 1  g/ZO/ 73 
I 

(Phase I-A) Monitoring Sys ten, 
NAS8-30254 Pre-Prototype llodel 

Development 

- - - - - - - - - - - - - - - - - - " - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - . * - - - - - - - - - - - - - - - - - - - - - - - - - -  I 
I 
I 

FIFST BWFITTiNG PROJECT: Space Shuttle, Space Lab 
I 
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NSFC 01 10 73 31 03 74 

' I  I 

- Reusabb Nuclear Stage Techiology 

T. N. Marshal; 453-4626 W. 0,. Frost 

5. RESPONSiBLE INDIVIDUAL. TELEPHONE: APPROVAL. 

SGE-ASTR- Il,f 

6. ACCOMPLISHMENTS {Milestones, Probkuns. Near term actlvitirn): 

TASK: 
-32A, National Bureau of Standards, Bculcler, CO 

SolidlTriple Poir?.t Liquid Hydrogen b l i x t u r e  Eleasuring Sys tern 

OB.ECI'IVE(S> : To develap instmnentation for  slcsh hydrogen. The instrumentation 
to  be d eveloped w i l l  be density, mass: flow, temperature , level, and phase. 

APPROACH: A hydrogen slush density reference system w a s  developed at  NBS, Boulder , 
a standard for  evaluating density measuring techniques. 

system was used i n  establishing the most feasible inethods for measuring hydrogen 
slush density. A hydrogen slush flow loop a t  NBS, Boulder has been used as a system 
for evalusting hydragen m a s s  flow techniques. 
for  determining the techniques that can be develGped into p r o t o m e  mass flowmeters. 
A large slush hydrcgen f1cw:generaticn system being gabricated a t  XS5r"C w i l l  be 
ut i l ized t o  develop prototype inst-mentation t o  an operational status. 

This mference 

"Fis study is to  be used as a basis 

STATUS: 
has6een received. 

Technical Progress - The final report fran the National Eureau-of Standards 
This project is considered closed. 

. . . _  

I 

" 
-. I .. . . I - .. - . .. . .. . . . . 

'. R E W R T  NO.: TITLE: AUTHORts): DATE 
TRAN.SMl1 

-Final Report Instrumentation for MBS Jan 19?8" 
Storage and Transfer 
cf Hydrogen Slush 

- - - I  
- - 1  

I -  
. .  ~ - .  _ _ _ _ _ _ . . .  ~ .. - I - .  . 
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PROGRESS REPOR r 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

PAGE 1 OF 2 - 
. CEWER:  2. PERIODMVERED: 3. CODE 

CURRENT NO.: PRIOR NO.: 

MSFC 01 10 13 31 03 74 5 03 - 24 - 06 112-30-19 
I. TITLE: 

I 
Reusable Nuclear  Stage Technology 

). RESP0NSlBLE INDIVIOUAL: TELEPHOhlEi APPROVAL: 

S&E-ASTR-IMT . 
Joe E. Zimrnerman I 453 -56 I8 I W. 0. Frost  

I. ACCOMPLISHMENTS (Milestones, Problems. New term actlvlmsgz 

TASK: Thin F i . h  Cryogenic ThermiPmeter 
H-92167A, NBS, Bouldev, CO 

OBJECTIVE(S): The objective of this task is to optimize the thin film deposition 
parameters and manufacturing techniques of carbon thin film thermometers, and 
to produce representative quantities gar field applications. 

APPROACH: 
substrate temperature, and rate of deposition of the carbon film) will be varied 
during the initial deposition runs to determine the optimum conditions for producing 
the most  repeatable and reproducible films for  application as crycgenic temperature 
sensors. 
deposition parameters must be maintained to produce good quality films. 
Seventy-five films will be deposited a$ deliverable items. 
subjected to intensive calibration and thermal cycling to verify the analytical 
expression of resistance versus temperature between 6*K and 80GK. 

STATUS: Technical Progress  - The &in f i lm deposition process has been finalize; 
and the required number of thin f i l m  sensors delivered. 
and calibration tests at 22 points between 5 and 80 degrees Kelvin were completed 
on 10 of the sensors  , 2nd sensitivitycurves established for the usable temperature 

The thin Alrn deposition parameters (pressure,  substrate material, 

The initial deposition runs will also serve to  define how closely the 

Ten of the films will be 

Thermal cycling tests 

: 
t 

I 
i 

I.*NBS 9744 Final Report on L- J, C. Jellison, R. S .  Collier 11/69 I 
'. R E P a t N O . :  TITLE: AUTHOR(s): DATE 

TRANSMITTED 

Gravity Therrr,ometer L. 0. Mullen, & R. J. Richards 
1 . TBD Carbon Thin Film R.S. Collier 20/73 

.Ther&meter L.L. Sparks 
I T. R. Strobridge 
I 

*This report  describes the original tMn fiLm thermometer investigation conducted 
prior to the present program. I 
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CURflENT NO./CODE: 

5 03- 24 -06 PROGRESS REPORT 
RESEARCH AND TECHNOLOGY OPERATING PLAN. 

(antinurtion Sheer) PAGE 2 OF 2 

STATUS (CONCLUDED): Technica l  P r o g r e s s  (cont 'd) - t e m p e r a t u r e  range .  T h e  
r ema in ing  s e n s o r s  w e r e  given a t h r e e  point ca l ibza t ion  a n d  fitted to the  es tab l i shed  
sens i t iv i ty  c u r v e s  . 
Management P r c g r o s s  - A d r a f t  copy of t he  f ina l  r e p o r t  has  been  r ece ived  and  
a p p r o v a l  given for final pr in t ing  and distribution..  
Conclusions - T h e  calibrztiorrs show tha t - the  c a r b o n  film r e s i s t a n c e  vs. t e m p e r a t u r e  
c u r v e  is smoo th  wi th  no a p p a r e n t  per turba t ions  in. the  e n t i r e  c ryogen ic  r a n g e  
between 6 and. 80 d e g r e e s  Kelvin. The films are s e n s i t i v e  i n  t h e  subcooled hydrogen 
s l u s h  appl icat ions.  The  fillin deposi t ion p r o c e s s  h a s  been  refi.ned to  the point 
w h e r e  r easonab le  reproducib i l i ty  a n d  s tcbi l i ty  of t h e  films m a y  be achieved.  
P r o b l e m s  - none 
F o r e c a s t  - This  effort is c o n s i d e r e d  comple te  with t h e  publ icat ion of t h e  f ina l  
r epor t .  

/ 
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I 

PAQE 1 OF 2 
__. 

CENTER: 2. %RIOD COVERED: 3.. CODE 

MSFC 01 10 ?3 31 03 74 908-51 -05 908-51-05 
TITLE: . 

CURRENT NO-; PRIOR NO.: -- 

- 
. *  

Electr ical Power - 
RESPONSIBLE INDIVIDUAL: TELEPHONE; APPROVAL: 

R. M. Aden 
S&E-ASTR-E L. E. Young 45.3-4566 

Task; Thermoe lect r 1 c Power Genera t icn 

I 
ACCOMPLISHMENTS (MN.rtonor. Probloinr, Nor? t a m  rc:ivltlor): 

Contract No: la-house I 

. '5 
Objective: To support t he tcrhnoloSy devetoprnent,of a reactor/thermoelectric % 

power system which i s  a canaidate for  manned Earth Orbital Applications. 
sidiary objectives include evaluation of performance, I ifetime, and r e !  iabil i ty 'char- 
acteristics from l i fe test data; determi nat iun of tnermal and etectricat charncteris- 
tics; comparison of actual device performance with predicted performance derived 
from computer modeling; and performance of detai!ed post-test analysis. 

Approach: The objective w i l l  be accomplished through a continuation of in-house 
effort on the basic research device, debel cpment of user application critesia, and 

Status: Technical Progress; Tasts are i n progress; data is being gathered and 
evaluated. 

Sub- 

integration studies. / .. 

Phase I - Experimental devices have been procured (1 Each lEM/9U and 1 
Each TEM/X Module) and have been on test in a subsyste,r, envirbonment, 

Tests were terminated as scheduled on TEM/9U after rmre than 20,000 
hours of operation. 
facil i t ies fo r  testing and data gathering are operating satisfactorily. 

The TEM/X Module has been on test for  over 8500 hours. All 

DATE 
TRANSMITTED 

-- 
AUTHOR(s): . REPORTNO.: TITLE! 

1 Test & Evaluation of a Tubular SEE-ASTR-EPN Ma; 1,  1972 
Therrnoe lectr Fc Module (TEM/Yd, 
SIN 17) % 

I 

~~~ 

i 

F i r s t  Benefiting PrDJect : Space Station 
I 

I 
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- Progress: A faci l i ty  has been established for  test and evaluatyov- 
of t hermoe I ect r i c devices. 

I The TEM!X currently i s  operating 24 hours/day. 

 conclusion^ Results  of TEM/9U testing and analysis indicate that a Space 

However, improvements in the form of lower rates of power degradation 
Station Thermoelectric Power System could be fabricated using TEM/9U basic 
technology. 
and higher efficiency performance are desirable. 
incorporated design changes which shouid provide these improvements. 

The TEM/X series of modules have 

i 

Problems: Module power degradation resulting from thermal cycling has beer 
a problem. 
series modules. 
nology into system technaiogy need attention. 

Test evidence itxlicates that this problem has been solved in the TEM/X 
The problems associated with expanding avai table component tech- 

Forecast: The remaining part of the fiscal year w i l l  be devoted to gathering 
and evaluating data f rom the TEM/X converter. 

_ I _  

,/ 

I 

--- 
4SPC - Form 350-1 (March 1973) -_ 6 
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. CEQ'TER. ' 2. PERIOD COVERED: 3. CODE 

MSFC- 01 10 73 31 03 '74 908-51-08 908-51-08 
I. TITLE: 

PRIOR NO.: CURRENT NO.: 

1 
S t a b i l i z a t i o n  and Control 

.--- 
!. iitsPorJSIBLE INDIVIDUAL: TELEPHONE: APCROVAL: 
-- 

1 #--? George B. Doane 111 . $2- 

S&E- P.S TR- G 2Q5-453 -0787 Richard H. Tut t  . 

TASK: Development of Control Moment Gyro f o r  S t a b i l i z a t i o n  and Control 
E E Z - 2  5 75 6 
OBJECTIVE: 
t o  meet var ious requirements of f u t u r e  Space Station/Space Base vehic les .  
The modularized CMG system will. be centered around nominal 2000H t o  
6000H CMGs which have as much commonality o f  design as is  f e a s i b l e .  
P r i m e  emphasis i s  being placed on long i i f e ,  and r e p a i r a b i l i t y  i n  t h e  
Space S t a t i o n  environment, monitoring impending f a i l u r e  and incorporat ion 
of redundancy where f eas ib l e .  
APPROACH: 
system is  based upon the fol lawing inprox-ements: 
bear ings,  ( 2 )  BrusPieas dc s p i n  x o t m s ,  ( 3 )  Improved wet lLbr ica ted  
accuators  with brushiess  dc to rquers  and tachometers,  and s p i n  motor 
e l e c t r o n i c s ,  and ( 4 )  Increas ing  r e l i a b i l i t y  and improving t h e  e l e c t r o n i c  

,. f i c c o ~ ~ P ~ l S H M E r 4 i - S  (Mkstones. ProtMms. Neat term rctwltler): 

The i3endix CorForation 
To develiop a modularized fami ly  of  CMGs which w i l l  be a b l e  

The approsch for developing long l i f e ,  h i  h l y  re l iab le  CMG 
(17 Replaceable s p i n  

STATUS: Technical Progress -.-Vihi!.e under t e s t  a t  Bendlx/Teterhoro t h e  
-wheel f a i l e d  ca t a s t roph ica l ly .  S ince  t h e  majority 02 t h e  evaluat ion 
t e s t i n g  w a s  coEpleted, it w3.s considered t o  be i n  the bes t  i n t e r e s t  of  
t h e  Government t o  te rmina te  t h e  cor, tract  ra-cher than  rep lace  t h e  wheel. 
The 2000H CMG remains in-house and addqt ional  t e s t i n g  is planred. Be- 
cause of t h e  f a i l u r e  o f  t h e  6000H wheel, plans t o  modify t h e  2000H CMG 
t o  run a t  a 3000 ft- lb-sec momentam leve l  have been dropped. The Bendix/ 
Teterboro cor, tract  will be considered complete upon d e l i v e r y  of 
documentation and firm1 r e p o r t s ,  

The followifig ? resenta t ions  have been reproduced and bound fm  d i s t r i b u t i  

"Design Review, ATM CMG Product Improvement Program," NAS8-27756, a t  
MSFC, July 23., 1970, presented by Bendix Curporation, Navigation and 

OAT€ 
TRANSMITTED 

r .  REPORT NO.: TITLE: AUTdCtR(s): 

- - -  

Control Division. I 

I 
"Advanced Design CMG C r i t i c a l  Gesign Review, ATM CNG Improvenmt 
Prograii,rr NAS8-25756,I January 22, 1971. 

i 
\ 

--------------.--_--I___________________----------------------------------- 

FIRST BEXEFITTING PROJECTS: Large Space Telescope and S o r t i e  Lab 
I 
\ 
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TASK: CMG Bearing Signature Analysis 
I- 
i bJAS8-25706 h/t.echanical Technology Inc., Latham, NY 
1 

TELEPHONE: 

205-453-5753 ! W. A. Swords 

I 
I 

OBJECTIVES: ' of bearing failure !n CMG type spin bearings. This method will serve to give useful 
data on impendixig failure of CMG bea.rings befoze and after launch where failure 

j would be catastrophic. 

i of CMG mounted bearings in  CIdGs by using high f2equency accelerometers mounted 1 I strategically around the CMG, 
! and bearings showing signs of failcrre, 

i of Phase I ,  a report  w a s  i s m e d  giving tha results. 

The objective of this effort is to develop a method of early detection 1 
I 

1 
APPROACH: Phase I - CMC Investigatiop - Data has been taken an a multiplicity of 

Keadings were taken on bearings known tr, be good 
Aftar the readings were taken on the subject 

bearings, they were disassembled to verify the predicted failure. A t  the completion 

Phase I1 - Spin Bearing Inveetigation - To eliminate the harmonics of 
I 
the CMG bearings and to fur ther  refine the failure detection technique, individual 
sets of CMG bearings are being run in  a bearing test fixture. This eliminates the 
CMG housing and allows a stady of bearings as  individual components. 
bearings determined to be good and a ser ies  of bearings with known defects are being 
run to obtain signatures and establish a cri teria f D r  determinirig when a bearing i s  

A ser ies  of 

-- 
APPROVAL: 

I q& 
R. H. Tutt ' 1  

I beginning to degrade and what effect flaws have in  the signature, At the completion 
AUTHOR(5): DATE 

7. REPORT NO.: TITLE: TRBNSMITTED 
1* 

MTI-71TRl Design and Fabricatiov of Prototype J. J. Broderick 
System ior Early Warning of Irn- R. F. Burchill . 
pending Bearing Failure H. L. Clark ' Jan. 1972 

i 
I 

Tests  Conducted on Control 
Moment Gyros and Life Test  
Fixtures 

MTI-73-TR-Review of Mechanical Vibration 

R. F. Burchill Aug. 24, 1973 

--------_------_-----. -~-----..-----------_---------------------------------~~~ .- 
FIRST BENEFITTING PROJTCT: LST 

- 
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iPPROACH: Phase XI (cont'd) 

)f this effort an  overall review of the data will result  i n  limits being established on 
he signature to separate good bearings from baC ones. 

;TATUS: 
las been held up pending approval of additional funding. 
h t e  i s  now April 30.  1974, 

A l l  spin bearicg tests  have been completed. The contract completion date 
The scheduled completion 

MSFC - Form 350-1 (March 1973) 
_._ - .__ . - 

8 .  
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MS FC - 1 01 10 73 31 03 74 I 908-51-08 I 
TITLE: I 

I 

TELEPHONE: APPROVAL: 
I 

r, S&E-ASTR-A 1 453-4713 Hans H. Hosefithien - - 
A c c r J r ~ P L i s H M E N T s  (Milestones. ~ronterns. Near term activlttes)? 

Systems Research Laboratory, NAS8-28584. 

OB JEC TIVl? : 

The objective is to make optimum use of an in-flight digital computer so that it may be 
sized as small as possible. Tbe techniques that are now baing developed under modern control 
theory will be expanded. AnaIyticd too’!s will be developed so that the design engineer can use 
them in the  design of sampled-dzta control systeKis. A potentially powerful modern technique is 
under development for digftal redesign of an existing acceptable (in terms of dynamic response) 
continuous control system. New innovations in the state space techniques that enable one to 
design a sampled-data coiitrol system usiryr continuous system techniques will be thoroughly 
investigated. These inveetigations should extend the newly achieved results of sarrpled-data 
analysis i n  the state Wacs domain and should iuvestigale their  applicabi?ity to space vehicle 
control system design. These itwesfig8.tiow should frzrther explore the techniques for solving 
linear continuous-data sys terns, such as  the Nyquist criterion, Ronth-Hurwitz criterion, root 
!ocus diagram, 01: Bode diagram extending these to the study of linear arid nonlinear sampled- 
data control systems. The synthesis of linesr continuous data systems and nonlinear continuous 
data systems will be determined. The ultlnate goal of thess  investigations should achieve a 
sampled-data design tool that may be employed by the control system engineer who does not 
possess a deep mastery of mathematical and centrol system theory. 

. REPORTNO.: 
- 

DATE 
TRANSMITTED I 

TITLE: AUTHOR@): 

Bimonthly Report 
m- 73 

Bimonthly Report 
Iv- 73 

Find Report 
IV-73 

Continuous & Discrete 
Describing fiinction Analysis of 
thd LST System 

Continuous & Discrete 
Describing Function Analysis 
of itfie UT System 

Continums & Discrete 
Describing Function Analysis 
of the LST System 

i 

I 

i 
I 

B. C. Kuo 
G.  Singh 
R. A. Yackel 

B. 6 .  Kuo 
GI Singh 
R. A. Yackel 

B. C .  Kuo 
G. Siugh 
R. A. YackeZ 

Nov. 1, 1973 

Jan. 1, 1974 

Jan. 1, 1974 
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APPROACH: 

A comparison of the various state space implementations will be made with existing 
modified frequency domain 
comparative results will determine those techniques which are  most easily implemented by tht 
spacc vehicle confzol system designer. APa1f;tical tools will  be developed so that the design 
engineer can use them in the design of sampled-data control systems. The approach includes 
the following activities. 

1. Suitable dynamic &els will be developed for use in the major activities of this 
research task. 

' 2. Profesmr Kuo has developed a technique for designing a sampled-data system wh~se  
response matches that of a continuous data system model at the sampling instants. 
technique is rigornusly applicable only to regulator problems and as such will be developed 
further. 

hniqucs, such as the familiar z-transform technique. These 

The 

3. The pow-by-point somparison method (activity 2) will be extended from the regulato 
problem to the t d i n g  problem. The .extension technique will be scrutinized mathematically. 

4. The convergence properties of the series approximations used in the point-by-point 
methods {activities 2 and 3) 

5. Optimal! control t {the Riccati equation in particular) W i l l  be utilized to develop 
a sampled-data design techaaque, using a quadratic performance index rather than a point-by- 
point comparison technique, An investigation will  be made of complexity versus accuracy 
improvements achieved thr 
Liapunov function: equation. 

6. Since theoptimal cwtrol  method (#5) is really applicable to the regulator problem, 
an attempt will  be made to develop a technique that extends this method to solve the tracking 
problem. 

The porn-by-poi& method (#2) will be compared with the optimal control technique 
(#5) for the regulator problem. 

8. The twa methods and #6), as extended to apply to the tracking problem, will be 
compared. 

9. A paraEaeter optimZzation digital redesign technique will be developed. A quadratic 
performance index is defined by using the difference between the status of a continuous data 
system and the slates of the digital system to be designed. This index is minimized by 
selecting optimal values of 

be investigated as a function of the sampling period. 

the sohtion of the inverse problem of optimal control and a 

7. 

1* 

chosen parameters, 

STATUS: 

1. A discretedata deslcebing function for th& nonlinear frictional to wpe characteristicf 
expected of CMG's has beenderived, It is being used to predict the range of sample period3 
that will not cause Iimit c 

2. Thecomplexity 

behavior, 

e system model to which the sampled-data work is being Wlb!;eC 
is being increased to improwe fidelity. 
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PAGE 1 OF 3 - I. CENTEA: 2. PERlOO COVERED: a CODE - 'CURRENT NO.: PRIOR NO.: 

MSFC 01 10 74 31 03 74 908-51-21 
ETLE: i 

Manufacturing and Inspe ciion 
--I-- 

5. RESPONSIBLE lNDlVlO'.'AL: T E L E P H O N ~  ' APPROVAL: 

M. C. Mcllwain 453-1435 R. iM. Henritze 

TASK: Detection of Lack of Fusion Usiag Opaque Additives - NAS 8-28708, 
Mchnne l l -  Douglas Astzonautics Company, Huntington Beach, California 

5. ACCOMPLISHMENTS (Mdestoneh Pinble.Tr. Near term actlvltles): 

OBJECTIVES: (1) 'To develop a reliable means of detecting lack of fusion; (2) To 
develop a mew-s of maintaining cleanliness in weld a r e a  indefinitely using thin 
copper coating s. 

APPROACH: A thin copper coat preplaced in joint a r ea  protects cleanliness by pre-  
venting formation of aluminum oxide. 
of coatiag in radiographs Is readily seen., and is an indication of lack of fusion. 
The program will be accompiished in. two phzses. 
Phase I: Development 0; ---- Methods - This phase will concern itself with the develop- 
ment of a technically feasible and  metallurgically acceptable cozting. 
Phase 11: Evaluation of Coating - This phase will deiermine the l.evcl of confidence 
attained in the radiographic determination of LOF by t5e opa2xe t r ace r  developed ir 
Phase I. Phase 11 will also determine the effectivity of this coating as a protection 
for maintaining welding cleanliness fo?- extended periods. 

When weldeci in.to joint, any remaining trace 

STATUS: -- Technical Progress:  Fhase II has been completed 2nd the final contractor 
report  has Seen delivered. 
(copper) of a thickness of 0.0004 inches would yield 100% detectability for LOF de -  

In Phase II, it was determined that opaque additives 

fects in 1/2 inch thick 222-Aluminum welds. It was also --- determined that the vapo 
?. REPORT NO.: TITLE: AUTHOR(5): OATE 

TRANSMITTED 
MDC G4298 Detection of Lack of Fusion J. L. Cook O&. 1972 

Using Opaque Additives 
\ 

MDC G4538 Detection of Lack of Fusion J. L. Cook May 1973 
Using Opaque Additives 
(Final report)  I 

First Senefiting Project: Space Shuttle - All programs requiring weld inspection. 

I 

- 
M S F C -  Form 3 5 0  (March 1 9 7 8 )  
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( 6 n t k u n t i o n  Sheet)  PAGE 2 OF 3 

deposited copper plating used’ as the opaque additive protected the surface clean- 
l iness of the aluminum for  periods up to 60 days. No detrimental effects on welc 
strength, due to the opaque additive, were  noted in the study. However, the 
metallurgical studies conducted on weld specimens by the contractor were very 
limited. 
completely characterize weld microstructures containing the copper additives. 

Managemenc Progress:  The contractual phase of this study has been com- 
pleted. 
evaluation of the enhancement of detection utilizing Ultrasonic Inspection tech- 
niques. 
and submitted to Dr. Haeussermann fS&E review coordinator) for subsequent 
transmittal to Dr. Lucas. 
mendation. 
wise pending. 

cleanliness and highly enhance detectability of LOF type defects. However, no 
plating process exists which would allow application of this inspection aid on an 
economical production basis. 

Additional metallurgical studies have been performed in-house to more 

. 
In-house metallurgical studies have been completed as has in-house 

The summary report  on the in-house studies was prepared in draft forrr 

Further action is contingent upon Dr. Lucas’ recom- 
The formal preparation and release of the summary report  is like- 

Conclusions: The opaque additives provide protection to maintain surface 

PROBLEMS: This program did not evolve an economical production type plating 
process. 

FORECAST: Final Report by June 1, 1974. 

-e. - 
MSPC - Form 350-1 <March 1973) 
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2. PERtOD COVERED: 3. CODE . CENTER: 

i CURRENT NO.: 

MSFC 01 10 73 31 03 74 90 8- 52-0 8 1 908-52-08 
I. T I T L E :  

Stabilization and Control 
>. I7ESPONSIBLE INDIVIDUAL TELEPHONE: APPROVAL: 

=E-AERO-DDD, Stephen W, Winder/ 205 - 453-2521 Robert S,  Ryan 

- TASK: Advanced ConizoX Concepts * --- -..*-: 
Contract Number NAS8-2.9193; Northrop Services, Inc., Huntsvil le,  Alabama 

6,  PcCOMPLISHMENTS (Mllastoqer. Probftemr. Near term activltlqs): 

UBJECTIVE(S): 
cont ro l  problems over its ope ra t iona l  range. 
i s  one area i n  which new problems arise. 
one plane of symmetry causing the inherent  problem of zero l i f t  and zero moment occurring 
a t  d i f f e r e n t  angles of. attack. 
da te  designs. 

1 The p a r a l l e l  burn conf igu ra t ion  cu r ren t ly  being considered has i n s u f f i c i e n t  cont ro l  
’ au thor i ty  i n  i ts  o r b i t e r  engines to cont ro l  headwinds or crosswinds unless t h e  aero- 

dynamic sur faces’on  the o r b i t e r  and/or the s o l i d  rocket motors are used. When these  
add i t iona l  cont ro l  e f f e c t o r s  are used, t h e  number of cont ro l  e f f e c t o r s  becomes g rea t e r  
than t h e  number of states to cont ro l ,  Hence, t h e  way t o  blend these  e f f e c t o r s  t o  
produce t h e  proper c o n t r o l  f o r c e s  and moments w i l l  have t o  be determined from an 
i n f i n i t y  of poss ib le  solutions. 
blending of the  con t ro l  e f f e c t o r s  to produce a t r i m  so lu t ion  of zero forces  and moments 
ac t ing  on t h e  vehtcle.., 

The planned generation of Space Shut t le  vehic les  pose several challenging 
I n  p a r t i c u l a r ,  the  ascent phase of f l i g h t  

In ascent ,  the  mated configuration has only 

Cross-coupling problems are a l so  severe i n  some candi- 

One way to approach t h e  problem is t o  determine the  

7. REPORT NO.: TITLE: AUTHOR@): DATE 
TRANSMITTEO 

FIRST BENEFITTING PK-: Space Shut t le  
...- - - -  

MSFC-Form360 (March 1 9 7 8 )  -- 
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'PROACH: 
)nditions.  The proposed approach 2s t o  include i n  the  equations def in ing  t r i m ,  the  
tnalty functions t h a t  arise from hinge moment can t r a in t s ,  t h r u s t  losses  and similar 
,tistrni.ntu, and then solve t h e  t r i m  problem f o r  the optimum t r i m  condition, 
roccrlorc* wf 11 r e s u l t  in ,  an a l g e b r a i c  optimization problem t h a t  w i l l  select the t r i m  
I I n t .  

The so lu t ion  to t h e  t rk  problem does not y i e ld  a unique se t  of t r i m  

This 

r l ~ i b l e  fmsight e212 be gained by first solving f o r  t h e  t r i m  boundaries t h a t  are de- 
incd by the trim equati.o.ns and the con t ro l  l i m i t s  without penalty func t ion  consider- 
tions. 

\e proposed technical' approach is dZv2ded i n t o  three  tasks  : 

o Task l . w i l l  be techlzo'fogy k e l o p m e n t  and cons i s t  of t h r e e  phases: 

* Phase I w i l l  formulate carnstraints  and l i m i t s  f o r  t h e  cont ro l  de f l ec t ions  
n a performance index suitable for analys is .  

* Phase 11 w i l l  F m l v e  so l -whg. the  t r i m  problem without "hard" l i m i t s  on 
he cont ro l  def lec t ions ,  In a d d i t i a n  t h e  t r i m  boundaries w i l l  be es tabl ished.  

*Phase I11 w i l l  be an ex tens ion  of Phase I1 procedures t o  include 
erformance ind ices  that. cannot be handled ana ly t i ca l ly .  
e f l ec t ions  w i l l  be conssdered as an i n t e g r a l  p a r t  of t he  problem and i t s  solut ion.  

"Nard" l i m i t s  on t h e  cont ro l  

o Task 2 w i l l  involve s o l v i n g  a sample Shut t le  problem t o  i l l u s t r a t e  the  
.echniques developed under. Task 1 above and w i l l .  run concurrently with the  s t u d i e s  
If Task 2. - _-- 

o Task 3 w i l l  assess tthe dynamic responses as influenced by the  chosen t r i m  
;elution. 

%e completion of t h e  a b w e  tasks dll y i e l d  computational algorithms capable of 
s t a b l i s h i n g  t h e  t r i m  s d i u t i o n s  (or any spec i f ied  des i red  state) f o r  several types of 
~erformance ind ices  t h a t  inc lude  hard a n s t r a i n t s .  Computer programs necessary t o  
jernonstrate t h e  a b i l i t y  af the algorithms w i l l  be developed. 

STATUS: 
Cechnical Progress-A11 phases of the program have been completed. 
considered i n  Task 2 w a s  the R o c k g l  In t e rna t iona l  R I  049 configuration during asceni 
through the  f i r s t  n ine ty  seconds of f l i g h t .  
assumed t o  have t h r u s t  vector c o n t r o l  (TVC) on t h e  s o l i d  rocket booster (SE'ifBs). The 
dynamic response study was changed somewhat t o  allow more f l e x i b i l i t y  f o r  the  tecli- 
nique t h a t  w a s  developed, 
commands. 
methods developed i n  t h e  cont rac t ,  

'L 

The sample problem 

For study purposes, the coilfiguration w;lS 

./ 

The RT c o n t r o l  system was used t o  generate fo rce  and rnomei*L 
These commands w e r e  d i s t r i b u t e d  t o  the various con t ro l  e f f ec to r s  by thc  

The t r i m  so lu t ion  was used t o  gain i n s i g h t  011 l w  

c_ -3 -- 
IPC 9 Form 350-1 (March 1973) 



120 3 

I - 
CURRENT NO./CODE: ’t 

PROGRESS REPORT 908-52- 08 ! 

I 
RESEARCH AND TECHNOLOGY OPERATING PLAN v 

<(;ontinuation Sheet) PAGE 3 OF 4 
STATUS (CONCLUDED) : 
t o  dtvelop and spply the  concept bu t  t he  dynamic study ac tua l ly  allowed the  concept 
t o  be used t o  g :Llera te  t he  ac tua to r  commands. 

M.rnagement Progress--An oral presenta t ion  was made by the  cont rac tor  on January 15, 
1974, that  summarized t h e  results of t h e  e f f o r t .  

Conclusions--The techniques developed i n  t h i s  study do provide inves t iga t ive  too l s  
which allow an assessment of the  con t ro l  authoritylperformance in te rac t ion .  
s p e c i f i c  observations that  may be made are: 

Some 

1. The Simplex based algori thm works f o r  general, problems. The cost funct ion may 
The algorithm considers the  be of any form as long as i t  is piecewise d i f f e ren t i ab le .  

var iab les ’  bcunds e x p l i c i t l y  i n  the so lu t ion ,  

2. The algori thm is most effective where there  is adequate surplus  t r i m  power t o  
give f l e x i b i l i t y  t o  the so lu t ion .  

3.  The algorithm can be used t o  so lve  problems such as “optimally“ trimming t h e  
Shut t le  ascent  veh ic l e  or the  o r b i t e r  i n  reentry.  
the optimal t r i m  solut2on w i t h  respect t o  a p a r t i c u l a r  cos t  funct ion,)  
usefu l  i n  obtaining a feel f o r  the t r i m  range and an  in s igh t  i n t o  the  bas i s  of s igna l  
s p l i t t i n g  schemes on t h e  conventional Shut t le  ascent  cont ro l  systems. 
may be used i n  f l i g h t  i f  s u f f i c f e n t  digital computer speed is avai lable .  

(“Optimal” t r i m  means approximately 
It is  also 

The.rlgorithm 

I .  

4 .  The dynamic survey performed on t h e  RI configurat ion showed the  Simplex cont ro l  
scheme t o  be c lose  to  the r e s u l t s  obtained from the  RI cont ro l  scheme. The Simplex 
scheme saved about 10 percent  of t h e  thrust-drag losses  compared w i t h  t he  R I  cont ro l  
scheme . 
Problem--None 

Forcasts--None 

Publications--A f,nal r e p o r t  has  been submitted by t h e  contractor .  
from t h e  cont rac t  COOOR, 

Copies are ava i lab le  

--- - 
USFC - Farm 350-1 (March 1973) 
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4. 'ItTLE: 

Stabilization and Control 
TELEPHONE: APPROVAL: 11,. kCSPOPISIBLE INDIVIDUAL: 

Pau l  T. Golley 4 - 4 -  SL+ 
S&E-ASTR-GM 205-45 3-575 5 Richard H .  Tutt  ' -  

6. ACCOMPLISHMENTS (Mllastones. Probiems. Near term activities): i TASK: Actuator-to-Digital I n t e r f a c e  Units  
13I7EE-26755 E l e c t r o n i c  Communications, Inc. 

OBJECTIVE: 
and t w o  types  of redundant hydraul ic  se rvo  ac tua tors .  
f a i l -ope ra t e  "look and switch**; t h e  o t h e r  is a s i n g l e  f a i l -ope ra t e  
major i ty  vote. 

APPROACH: In-house i n v e s t i g a t i o n  l e d  t o  t h e  conclusions t h a t  t h e  most 
reasonable way t o  perform t h e  i n t e r f a c e  between t h e  b a s i c a l l y  analogue 
a c t u a t o r  and t h e  quad-redundant da t a  bus w a s  through an e l e c t r o n i c  
i n t e r f a c e  u n i t .  These u n i t s  a r e  t o  be designed t o  provide t h e  following 
funct ions:  t o  perform a c t u a t o r  redundancy management, self-test ; t o  
r epor t  redundancy s t a t u s ;  t o  decode incoming information and encode 
r e t u r n  information; and t o  perform t h e  necessary D/A and A/D conversions 
and analogue s i g n a l  ampl i f i ca t ion .  
t h e  "look and switch" and "majority vote" ac tua to r s .  

STATUS: Technical Progress  - Both t h e  majority:"vote and t h e  "look and 
-** u n i t s  have been de l ive red ,  and t h e  contracted e f f o r t  i s  complete. 
Th i s .w i l1  be t h e  f i n a l  r e p o r t  on t h i s  t a s k .  

To develop a s u i t a b l e  i n t e r f a c e  between t h e  S h u t t l e  d a t a  bus 
One type  is double 

Separa te  designs w i l l  be requi red  f o r  

TITLE: AUTHOR(s): TRANSMITTED DATE 
i 

7 .  REPORT NO.: 

F i n a l  Re o r t :  "F ina l  Report for Actuator D i g i t a l  I n t e r f a c e  Uni% ( A I U ) " ,  
d r  1973, E l e c t r o n i c  Communications, Inc. , 1501 72nd S t r e e t  N ,  
St. Petersburg,. FL 33733 
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Stabilization and Control 
APPROVAL: TELEPHONE: 

!S&E-AERO-DDD, Stephen W, Winder 205 - 453-2521 Robert S .  Ryan 
6. ACCOMPLISHMENTS (Milestones. h b l c m s .  Near term activities): 

TASK: - Advanced Control  Concepts 
EMS-29192, The Singer Company, Kearfot t  Division, L i t t l e  F a l l s ,  New Je r sey  

OBJECTNE(S): 
Shut t le  i n t o  o r b i t ,  it is an t i c ipa t ed  tha t  a l a rge  number of cont ro l  e f f e c t o r s ,  includ- 
ing both aerodynamic surfaces and gimballed rocket engines,  w i l l  be required t o  control  
the vehic le  during ascent through t h e  atmosphere. 
vehic le  is t o  determine the d e f l e c t i o n  angle s e t t i n g s  of the  cont ro l  e f f e c t o r s  required 
t o  t r i m  t he  vehi.cle.for headwind and sidewind disturbances.  Because of t he  launch 
configurat ion and the large number of cont ro ls ,  t he  cont ro l  engineer i s  faced with two 
challenging problems. Firs t ,  t o  compute the  t r i m  so lu t ion  m y  e n t a i l  solving a system 
of coupled, nonlinear equat ions.  
the number of independent t r i m  equations t o  be s a t i s f i e d ,  then the t r i m  so lu t ion  is not 
unique. 

APPROACH: 
l og ica l  choice f o r  the a d d i t i o n a l  cons t ra in ts  i s  the  minimization of a performance 
c r i t e r i o n  t h a t  pena'lizes the degradation i n  vehic le  performance caused by l a rge  t r i m  
de f l ec t ion  angles. 
the following ef.fects: 

Because of t h e  poss ib le  launch configurations required t o  boost a Space 

One objec t ive  i n  con t ro l l i ng  the  

Second, i f  t he  number of cont ro l  va r i ab le s  exceeds 

.- 

To salve. t h e  uniqueness problem, addi t iona l  cons t r a in t s  must be imposed. A 

The performance c r i t e r i o n  proposed f o r  the  inves t iga t ion  penal izes  

_-  

TITLE: AUTHOR(3): DATE 7. REPORT NO.: 
TRANSM I lTED 

FIRST BENEFITTING PRQJECT: Space Shut t le  

W F C  - Form 360 (March' 1 9 7 8  ) 
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&E-AERO-DDD, Stephen W, Winder 
* 1 (  

205 - 453-2521 Robert S. Ryan 

TASK: - Advanced Control Concepts 
KAS8-29192, The Singer Company, Kearfot t  Division, L i t t l e  F a l l s ,  New Jersey  

j. RESPONSIBLE I NO1 VI DUAL: TELEPHONE: 

OBJECTIVE(S): 
Shut t le  i n t o  o r b i t ,  it is an t i c ipa t ed  t h a t  a l a rge  number of control  e f f e c t o r s ,  includ- 
ing both aerodynamic sur faces  and gimballed rocket engines, w i l l  be required t o  control  
the vehic le  during ascent through the  atmsphere.  
vehicle  i s  t o  determine the d e f l e c t i o n  angle s e t t i n g s  of the  cont ro l  e f f ec to r s  required 
t o  t r i m  the  vehicle  f o r  headwind and sidewind disturbances.  Because of the  launch 
configuration and the l a r g e  number of  cont ro ls ,  t he  control  engineer is faced with two 
challenging problems. First, t o  compute the t r i m  so lu t ion  may e n t a i l  solving a system 
of coupled, nonlinear equations.  
the number of independent: t r i m  equations t o  be s a t i s f i e d ,  then the t r i m  so lu t ion  is  not 

Because of t he  poss ib le  launch configurations required t o  boost a Space 

One objec t ive  i n  cont ro l l ing  the 

Second, if the  number of cont ro l  var iab les  exceeds 

unique. ,I 

APPROACH: 
log ica l  choice for the  add i t iona l  cons t ra in ts  is the minimization of a performance 
c r i t e r i o n  t h a t  penalizes t h e  degradation i n  vehic le  performance caused by l a rge  t r i m  
def lec t ion  angles. 
the following e f f ec t s :  

To solve the  uniqueness problem, addi t iona l  cons t r a in t s  must be imposed. A 

The performance c r i t e r i o n  proposed for the  inves t iga t ion  penal izes  

APPROVAL: 

R E P 0 4 T  NO.: TITLE: AUTHOR(%): - DATE 
TRANSMITTED 

ZIRST BENEFITTING PROJECT: Space Shu t t l e  

C-Form.360 (March1@?8) 
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techniques t h a t  could be used i n  the  design and ana lys i s  of Shut t le  cont ro l  systems. 
As a r e s u l t ,  s eve ra l  of the ideas  r e s u l t i n g  from t h i s  e f f o r t ,  although promising, have 
not been f u l l y  explored as t o  their  u t i l i t y  t o  the Shut t le  cont ro l  problem. W e  hope 
tha t  fu tu re  in-house effort w i l l  refine and c l a r i f y  these concepts. 

Solutions t o  the  t r i m  problem can be e f f i c i e n t l y  calculated using numerical methods t o  
solve the t r i m  problem of Phase I, The r e s u l t s  of t h i s  i nves t iga t ion  ind ica t e  t h a t  
numerical solutiom by the Newton-Raphson method is preferab le  t o  the  s t eepes t  descent 
method because i t  y i e l d s  faster convergence and does not requi re  the  user  t o  spec i fy  
an i t e r a t i o n  s t e p  s i z e ,  If t h e  in i t ia l  guess of the so lu t ion  used t o  start the  Newton- 
Raphson method is not i n  t h e  reg ion  of convergence then the method may not converge or 
may converge t o  the wrong so lu t ion .  
be  used f o r  the f i r s t  few i t e r a t i o n s  t o  generate a good s t a r t i n g  so lu t ion  t o  the 
Newton-Raphson method. 
with minor modifications.  
i n i t i a l  guess o f g =  0 is always in t h e  region of convergence. 

Only the s t eady- s t a t e  performance of the  cont ro l  system for b ias  inputs  is  considered 
i n  the  t r i m  ca lcu la t ion ,  The dynamic o r  t r a n s i e n t  response of the cont ro ls  €or  
f luc tua t ing  inputs  must also be considered i n  the  ove ra l l  system design.' For t he  
nonlinear t r i m  problem, a n  i n t e g r a l  E proport ional  t o  the  cont ro l  energy is defined 
and is  computed usdng the c o n t r o l l a b i l i t y  Grammian W. 
so lu t ion  i s  given by the value of E. 
the c o n t r o l l a b i l i t y  index or E does not vary with the  t r i m  solut ion.  

The bas ic  quest ion i n  s tudying the dynamic response problem is: "What i s  the m a x i m u m  
de f l ec t ion  of ea& control for the poss ib le  f luc t a t ions  i n  the  dis turbance inputs?' '  
One possible  approach to t he  dynamic response problem i s ' t o  examine the  values  of E i ,  
where E i  denotes t h e  energy expended by the i t h  control  t o  r e t u r n  the  vehic le  t o  t r i m .  
The values EL can be r e a d i l y  computed from t h e  c o n t r o l l a b i l i t y  Grammain W. Although 
t h i s  approach has  p o t e n t i a l  i n  ga in ing  in s igh t  i n t o  dynamic response problkm, i t  
possesses two major I-Emitations, F i r s t ,  t he re  is no simple r e l a t ionsh ip  between t h e  
energy Ei and the. max im value of the t r a n s i e n t  r e s p o k e  curve shuwing the  v a r i a t i o n  
i n  the cont ro l  d e f l e c t b n  angle w i t h  t i m e .  Second, t he  cont ro l  s igna l  corresponding 
t o  E i  cannot be realized by a linear feedback cont ro l  system. However, the  approach 
does y i e ld  a consfs tan t  measure upon which to  relate t r i m  so lu t ions  t o  dynamic responses 

The most realistic method and poss ib ly  the  only p r a c t i c a l  method f o r  studying the  
dynamic response problem is to des ign  the  cont ro l  system and simulate t h e  closed-loop 
performance. The a p p l i c a t i o n  od optimum cont ro l  theory provides a method f o r  t he  
design of a l i n e a r  feedback con t ro l  system t h a t  can solve both the t r i m  problem and the 
dynamic response problem. A c o r r e l a t i o n  between the t r i m  so lu t ion  and the  optimum 
cont ro l  so lu t ion  has been der ived and ind ica t e s  how the  so lu t ion  to  the t r i m  problem 
Can be used t o  select t h e  proper  con t ro l  weighting i n  performance c r i t e r i o n  of t he  
optimum cont ro l  approach. 

' 

I ' I n  t h i s  case, the s t eepes t  descent method should 

This  hybrid method could be implemented i n  the  computer program 
However, it appears t h a t  ' f o r  most p r a c t i c a l  t r i m  problems an 

I 

A measure f o r  s e l e c t i n g  the  t r i m  
If the  t r i m  problem is l i n e a r ,  then the  value of 

This  saves design t i m e  s ince  the  t r i m  problent i s  easier to  
---.- MSFC - Form 350-1 (Match 1973) 
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CURRENT NOJCODE: 

PROGRESS RErORT 908-52-08 
RESEARCH AND TECHNOLOGY OrERATING PLAN 

(Continuation Sheet) 
PAGE4 OF 5 

STATUS (CONCLUDED) : 
solve and a lso  lends more insight into the problem. I 
hihl icat ions--A final report has been submitted by the contractor. Copies are available I 

I from the contract C,O,R. 

,/ 

.-- 
__-e- 

MSPC - Porn 350-1 (March 1973) 
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PROGRESS REPORT 
'RESEARCH AND TECHNOLOGY OPERATING PLAN 
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PAGE 1 OF 2 
-_ CODE ---_ CENTER: 2. P E R 1 0 0  COVERED: 3. 

[PRIOR NO.: 3 1  03 74- CURRENTNO.: 

t-ol 10 73 1908-52- 10 - 908- 52- 10 ISFC 
TITLE: i 

;uidance and Navigation 
RESPONSIBLE IN01 V I DUAL: TELEPHONE: APPROVAL: 

R. R. Kissel - S&E-ASTR-CDA 453- 427 6 R. H a  Tutt  
ACCOMPLISHMENTS (Milestones. Problems. Near term actlvitles): 

1 
I - TASK: Strapdown System Development and Fie ld  T e s t  i 

NAS8-27335 TRW, Inc. \ 
1 

OBJECTIVE( S ) :  To develop concepts f o r  checkout, f a i l u r e  detect ion,  f a i l u r e  i s o l a t i o n  j 
and correct ion,  and redundancy management i n  a redundant sensor strapdown system. 

~ 

I 
l 
I 

. I  

APPROACH: 
sensor strapdown s y s t e m .  
concepts and demonstrate the f a i l u r e  detect ion and i s o l a t i o n  schemes. 
van t e s t s ,  r a t e  tests and g-sensi t ive d r i f t  t es t s .  Demonstration occurs when the 
concepts a re  being tes ted .  

Residual. hardware w a s  used t o  assemble a prototype redundant (dodecahedron) 
This system w i l l  be used to  t e s t  the redundancy management 

Testing includes 

STATUS: Technical Progress-The strapdown system is operat ional  and functioning 
s a t i s f z c t o r i l y  w i t h  i ts  tes t  console. 
ca l ib ra t ion  and navigat ion computer rog s The syi-;teT i s  now inactive.The TRW study , 

has been completed and a final.  reporq putEshed  on sc e ule.  

Preliminary work w a s  s t a r t e d  on debugging t h e  

Management Progress--The TRW cont rac t  w a s  concluded on schedule. 

Conclusions--Two of the seven simulated FDIC methods were cons is ten t ly  b e t t e r  
performers than the rest. These w e r e  the minimax and the squared e r r o r  methods, both 
products of MIT personnel. 

programs, a l l  tes ts  have been suspended. Also the software developrent work in-house 
has been suspended. 

Problems-Due to reduced in-house contractor  support and o ther  higher p r i o r i t y  

A l l  remaining FY73 funds were expended on the TRW contract.  

. REPORTNO.: 

1 8 3 1 3- 6004- RU- 0'0 

Forecast-4bmplete  software development t o  perform navigation (SEE PAGE 2)  
TITLE: AUTHOR(r): DATE 

TRANSMITTED 
'L 

Competitive Evaluation of James Wilcox April 1973 
Fa i lu re  Detection algorithms 
.€a Strapdown Redundant 
Iher t ial Instruments . 

---- FIRST BENEFITING PROJECT: Shu t t l e  - 



RESEARCH AND TECHNOLOGY OrERATING PLAN 
K 

(Continuation Sheet) PAGE 2 O F  2 - 
and f ig l ibra t ion  r o u t i n e s  and also incorporate the  m o s t  des i rab le  FDIC scheme 
frm -the TRW study e f fo r t .  

'qerform l abora tory  and f i e l d  tes t son  the completed system and analyze t h e  
t e s t  data. 

Publicat ion s--Wompe ti tive Evaluation o f Fa i lu re  Detect ion Algorithms for 
Strap&wn Redundant I n e r t i a l  Instruments." F ina l  Report, Apzi.1 1973. TRw Report 
so, 1. $53 13- 6004-E113-00. 

Remarks-The r e s u l t s  of the TRW work w e r e  presented by TRW a t  the  AIAA 
G u f d e e  and Conmol Conference he ld  i n  Key Biscayne, F lor ida  on Aug. 20, 1973. 

1 
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PAGE 1 OF 3 
RESEARCH A N D  TECHNOLOGY OPERATING PLAN 

I 

1. cFNTER: f 2. PER100 COVERED: 13. CODE f 
PRIOR NO.: I 

CURRENT NO.: 
! 

/Marshall Space Flight Center I 01 10 73 31 03 74 908 -5 2-3 7 976-30-37 
I I I 

4. TITLE: 

1 TASK: Zero-G ETuid Retention and Expulsion - 
:ONTRACT: NAS8-27685, McDomelI DouglaslWes tern Division 

IBJECTIVES: The objectives og this task include study and definition of an acquisition 
system for supplying LH2 and EO2 under in-orbit conditions, 
:he study, the following twa ign reference missions were identified: (a) cryogenic 
iuxiliary propulsion system 
3opulsion Module (BPM). 
is the Space Tug. This efforrt concentrates on concepts that utilize the favorable 
surface tension characteristics of fine-mesh screens aEd will significantly advance 
:ryogenic acquisition technology in general. 
results will provide a sound teechnology base for the subsequent design of cryogen supply 
Subsys terns for future space. 

LPPROACH: Phase L establ meters and component problem areas that should 
Zontrol acquisitiort. system design and includes trade studies of variables influencing 
icquisition system &sign a d  interfaces with other systems. 
to meet each of the reference missions, Bench tests necessary to the design phase will 
ie conducted. Based on these two designs, a ground test article(s) will be designed to 
demonstrate operatianal princPples and hardware fabrication. Phase I11 will consist of 
Eabrication of the test article(s) designed in Phase 11. Phase IV will consist of 
supplementary studfes and bench tests which are desirable to support the designs 
senerated or to evaluate potexatial problem areas associated with the design. 

To provide specifics for 

) and (b) main propulsion for an Advanced Spacecraft 
The ASPM requirements are representative of a vehicle such 

The anticipated analytical and experimental 

Phase I1 provides a design 

m 
T I T E T z  AUTHOR(r): DATE 

TRANSMITTED 
'. REPORT NO.: 

!4DC-G2562 "Study and Des G. W, Burge/P. L, Klevatt O e t  15, 1971 
Cryogexric Propellant .. - 
Acquisition SpEem" 
F Lrs t Quarterly %port 

MDC-G2743 Second Quarterly Report G. W. Burge/P. L, Klevatt Jan 15, 1972 

MDC-G2940 Third Quarterly Sport G. W. Burge/P. L, Klevatt Apr 15, 1972 

MDC-G3695 Fourth Quarter G. W. Burge/J. B, Blackmon July 15, 1972 

MDC-G4271 Fifth Quarterly Report 6, W. Burge/J. B. Blackmon Oct 15, 1972 

MDc-G4354 Sixth Quarterly Report G. W. Burge/J. B, Blackmon Jan 15, 1973 

MDGG5038 Final Report G, W, Burge/J, B. Blackmon To Be Published 

FIRST BENEFITING PROJECT: SRACE TUG 
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RESEARCH Ab40 TECHNOLOGY OPERATING PLAN 

(Centinuatioa Sbeet) 

STATUS : 
Test articles h?Ve een fabriczted and delivered to MSFC, 

Techrr2ed Progress: The technical efforts under this contract are completc - 
Management Progress: Final presentation and approval of contract results 

are scheduled for-hast week of March 1974. 

CURRENT NO.fCOOE: 

908-52-37 

PAGE 2 OF 3 

ConcPasions: A number of important overall conclusions resulted from the 
in-depth study of surface tension acquisition/expulsion systems conducted under this 
study. 

1. Bzactical screen surface tension acquisition devices can be designed 
and built to satis- a broad range of applications for cryogenic storage and transfer 
systems, 
technology to sat-fy potential failure modes without relying on extensive in-orbit 
experimentation. 

These systems are relatively low in weight and can be designed using present 

2. order to arrive at valid acquisition concept selections, the 
evaluation must be conducted on an overall feed system basis, Each particular acquisi- 
tion concept places constraints on other interfacing subsystems, such as pressurization 
and thermal manag,ement, which influences their overall design and optimization, 

3, For a system with a limited number of defined expulsion steps, a 
liquid settling a 
a surface tensionc acquisition system. This, however, reduces system flexibility. 

oach (using an auxiliary thruster) may be weight competitive with 

4. Xkx arder to further optimize and improve surface tension acquisition 
system design, addi.tZonal research is required to improve qualitative and quantitative 
understanding of &a influence of environmental conditions on surface tension device 
behavior and perfamnance including pressurant gas heating, feed system vibration and 
feed system flow Qynamics. 
potential problems in these areas, but this generally results in weight penalties and 
operational constraints that could be relieved with improved understanding. 

Techniques are currently available for designing around 

ProhXems:. No significant problems. 

Cause of Problem: N/A 'b 

Probbnsolution: N/A 

Forezxzst: Final  approval of contract efforts and reports in April 1974. 
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- "PAGE 1 OF 1 RESEARCH AND TECHNOLOGY OPERATING PLAN 

.'CNTEP 2. PERIOD COVERED: 3. CODE 
PRIOR NO.: -i CURRENT NO.: A 

908-52-37 . 
MSFC 01 10 73 31 03 74 

TITLE: I 

C r yageni c s 
UESPONSl BLC. IN 01 V I  DUAL: 

Kenneth G. Anthony 

I 

-- 
TELEPHONE: ]APPROVAL: 

1 
I 

453-5701 G. A .  Kroll i 
ACCOMPLISHMENTS (Milestones, Problems, Near term activities): 

TASK: Long-Life Valve Design Concepts 
NAS8-28518 Fairchild Industries, Stratos Division 

Manhattan Beach, CA 

The purpose of this program is to develop fluid control component OBJECTIVE: 
de.signs for use under conditions where long-life and ability to withstand extreme 
environments are requirements. 
extremes of +20w F to -423O F a r e  the design goals. 

Operating life of 10 years  with temperature 

APPROACH: 
subassemblies establishment of design cr i ter ia  to preclude vulnerability, 
conceptual design of subassemblies, and breadboard development verification testing 

Areas  to be considered are analysis to determine vulnerable 

to confirm design. criteria. ,,' _- 

'"he effort shall  consist of the following tasks: 

if, 

bo Conceptual de sign 
c, 
6E, 

Analysis and design criteria preparation 

Manufacture and perform breadboard testing 
Confirm and publish design cr i ter ia  

STATUS: 

Monthly Reports Progress Reports J. R. Jones 

Manufacturing w a s  completed & testing began October 1.  

. REPORTNO.: TITLE: AUTHOR@): ~ " 4 " M : " T , E D  
onth y t 

i 
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PROGRESS REPORT 
RCH AND TECHNOLOGY OPERATING PLAN 

Cryogenics 
TELEPHONE: APPROVAL: ' 

5. RESPONSIBLE 1 NOlV 1 DUAL: 

ASTN 
L. M. Thompson 3-1222 R. J. Schwinghamer 

6. ACCOMPLISHMENTS (Milestones, Problsms, Near term adlvlt lr):  

- TASK: 
Insu la t ion  fo r  LH2 Tanks", NAS8-27566 with  General Dynamics Corporation/Convair 
Division. 

OBJECTIVE(S): To develop information on polyphenylene oxide (PPO) foam and other  
materials required f o r  a minimum weight i n t e r n a l  insu la t ion  system usable i n  LH2 
tanks t o  a maximum ou te r  su r face  temperature of 350OF. This e f f o r t ,  s h a l l  def ine  a 
preferred l ightweight PPO foam i n t e r n a l  i n su la t ion  system t h a t  w i l l  not  be adversely 
affected by launch, f l i g h t ,  reen t ry ,  and landing, and w i l l  be reusable f o r  up t o  100 
f l i g h t s  with minimum refurbishment. 

"Design and Development of Polyphenylene Oxide Foam a s  a Reusable I n t e r n a l  

APPROACH: To meet the  ob jec t ives  the following 13 task areas  s h a l l  be performed: 
(a) e f f e c t  of thermal cyc l ing  on mechanical proper t ies  and dimensional and weight 
s t a b i l i t y ;  (b) materials and process spec i f ica t ions ;  (c) tank surface preparat ion;  
(d) methods fo r  c lose-outs ;  (e) f ab r i ca t ion  techniques f o r  PPO foam; (f) techniques 
f o r  making j o i n t s ;  (8) r e p a i r  procedures; (h) techniques f o r  surface r ig id i za t ion ;  
(i) physical  p rope r t i e s  thermal co r re l a t ion ;  (j) geometric proper t ies  of foam. The 
folluwing 3 task  areas w e r e  added i n  Modification No. 1: (k) configurat ion screening 
OR PPO foam samples;(l) p rope r t i e s  of two addi t iona l  PPO foam Configuration and (m) 
fabr ica t ion  and eva lua t ion  of close-out design. 

'L 
REPORTS: 26 Monthly and 3 Phase r e p o r t s  have been issued. 

~------------------I---------*--------------------------------------------------------- 

FIRST BENEFITTING PROJECT: Space Shut t le  
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STATUS (CONCLUDED): 
has sucessfu l ly  passed 100 f i l l  and drain cycles using l i qu id  hydrogen on a 
NASA Houston cont rac t .  
i n  order t o  t e s t  new PPO samples made i n  a P i l o t  Plant  f a c i l i t y  by an automated 
process. 
a r e  December 1973. 
mixing,extruding and curing the  samples i n  t h i s  new f a c i l i t y .  

100 inch test '  tank in t e rna l ly  insulated with the PPO foam 

A no c o s t  contract  extension t o  March 31, 1974 was necessary 

These sample were o r i g i n a l l y  scheduled fo r  de l ivery  i n  February1973 and 
The suppl ier  has experienced many problems with 

Management Progress--N/A 

Conclusions--All a v a i l a b l e  test r e s u l t s  indicated t h a t  PPO foam i s  an acceptable 
mater ia l  f o r  c e r t a i n  tank insu la t ions .  A l l  t e s t  da t a  were obtained fo r  i n t e r n a l  
use i n  l iqu id  hydrogen. 

Problem--Pilot Plane scale-up problems have caused an unavoidable delay i n  f in i sh ing  
t h i s  contract .  

Causes of Problems--The scale-up involved i n  going t o  a batch process t o  a p i l o t  p l an t  
operation. 

Suggested Solutions--Contract w a s  extended t o  March 1974 t o  allow suppl ie r  time for 
problem solut ion.  

These a r e  hopefully being resolved. 

completion da te  isnow June 30, 1974. 

. -  
MSFC - Form 350-1 (March 1973) 
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G. A .  Kroll 

: Vacuum Jacketed Ducting Technology Investigation 

Two duct systems to be fabricated and tested: 
nced design duct system for comparative testing. 

one state-of-the-art 
Conduct structural 

alysis-investigate effect of thickness on strength and thermal s t resses  in core 
terials; investigate heat  cure adhesives a t  cryogenic operating temperatures to 

terrnine residual stresses between cure and operating temperatures; investigate 
use of pot timg compound for stiffening the honeycomb end structures. 

Tests complete on (4)-core thicknesses, from 0.25-0.40 inch, 
.- 

ive to stress and crit ical  buckling pressures given for each core thickness; * 

ts  complete on (2) adhesives,  room cure Crest 7343 and high temp. cure (350° F) 
424, comparative data listing shear ,  tension and compression s t resses  given 

n table and curve form. 
rom Arrowhead;, The last test specimen is to be delivered 6-30-74. 

Schedule i s  modified due to late delivery of duct test specim 
Testing and 

Technology Investigation" Gen. Dynamics, 
... 'San Diego, CA 

nterim Report I 1  I t  Jun 1973 
'CASD-NAS 73-0B2 

i r  st  Benefiting, Projecb Shuttle Feedlines 

1 
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C r yo geni c s 
j. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

5.  1-5. W nn 453-3922 G. A. Kroll . - ---Y -- . -- . -  

I A.'LK: Life Test Methodology 
N A :iH -274 38 Battelle Memorial Institute, Columbus, Ohio 

, #.t.r. ' ,r,;b*~t*.~ * . A t  1 1  I5 tNkwton+r. i-roolam;. Now twm rctivltls,): 

.-.. - 

OB JECTIVE(S): 
assessment and/or verification for long-life Space Shuttle application. 

Develop a methodology that permits ultimate component life 

APPROACH. Literature survey, establish environments imposed by extended 
space missions and determine environments affecting loag-life components, establish 
most critical failure a reas  and determine wear and creep characteristics. 
Establish accelerated test program. Verify accelerated test program. 

STATUS: Contract awarded on June 25, 1971,  to Battelle Memorial 
Institute. Propulsion components and literature have been reviewed. Earth and 
orbital environments established. 
Creep and wear on nonmetallic parts a r e  life limiting. 
wear and creeps characteristics. 
the long-life of the components and provide final report. 

Analyze aging on propulsion mechanical component. 

During next 6 months, perform tests to prove 
Developed tests to determine 

r. REPORT NO.: TiTtE: AUTHOR(sI: DATE 
TRANSMITTED 

Interim Report Development of Life-Test D. B. Hamilton 'b July 31, 1973 
Methodology for Long-Life 
Mechanical Components 
Phase I: Development of 
Methodology 

et. - al. 
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. CENTER: 2. PERIOD COVERED: 3. CODE 
CURRENT NO.: 'PRIOR NO.: 

908- 52 -3 9 MSFC 908-52-39 01 10 73 31 03 74 
. TITLE: 

Aerothermodynamics 
. 14ESPONSlBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

2 05 -453 - 1 16 3 Werner K. Dahm S&E-AE KO -AT 
Homer B. Wilson, Jr. 

1 I 
,. ACCOMPLISHMENTS (MIIertones. Problems, Near term activltles): 

- TASK: 
NAS8-27090, Calspan Corporation 
P. 0. Box 235 
Buffalo, New York 1422; 

Aerodynamic Ast ronaut ica l  Heating Tests f o r  Advanced Saturn Configurations 

OBJECTIVE(S): 
Space Shut t le  base hea t ing  tests. 
heat ing r a t e  are des i red  and an improved simulation of t h e  o r b i t e r  engines and 
ex terna l  flow w i l l  be required €or the  Space Shut t le .  

To develop new and improved capab i l i t y  f o r  conducting short-durat ion 
New instrumentation and methods of measuring 

APPROACH: 
proper t ies  w i l l  be se l ec t ed  and evaluated by tests i n  t y p i c a l  base heat ing flow 
conditions.  External flow simulat ion w i l l  be improved by extending the  pressure 
temperature and Mach number range of t he  present  f a c i l i t y .  

STATUS: - Technical Progress - A hot  w i r e  r e s i s t ance  thermometer has been found 
through analyses t o  be p o t e n t i a l l y  capable of measuring base gas temperature. 
T e s t s  are planned to  f u r t h e r  prove t h i s  technique. The ex terna l  flow f a c i l i t y  
has been modified to provide longer flow t i m e s  (up t o  one-tenth second) and an 
ex terna l  flow temperature up t o  600 9. 
Mach numbers of 3.5 and 4.5 have been designed. 
with funds provided by the Shu t t l e  program. 
a r e  being used i n  t h e  Shu t t l e  launch vehic le  base heat ing tes ts  cu r ren t ly  being 
conducted by Rockwell In te rna t iona l .  

New instrumentat ion capable of measuring gas temperature and o the r  flow 

Two new nozzles providing tes t  sec t ion  
These nozzles have been fabr ica ted  

All of the r e s u l t s  of t h i s  cont rac t  

. REPORTNO.: TITLE: AUTHOR(r): DATE 
TRANSMITTED 

FIRST BENEFITTING PROJECT: Space Shut t le  

-- I. - MYFC-FormSb0 (March1916) 
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(Continuation Sheet) PAGE 2 OF 3 

STATUS (CONCLUDED) 

Management Progress - This contract was modified September 13, 1973, to provide 
$47.7 K for nozzle fabrication. 

Conclusions - None 

Problems - None 
Forecast - None 
I 

Publications - None 

t 
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PAGE 1 OF . . 3  

. CURRENT NO.: PRIOR NO.: 
. CENTER: 2. PERlOD COVERED: 3. CODE 

MSFC 01 10 73 31 03 74 908-52-3 9 908-52 -3 9 
. TfTLE: 

Aero the rmodynanik s 
. RESPONSIBLE INOIVIDWAL: TELEPHONE: A??ROVAL: 

%E- AERO-ME 
Paul E. Ransey 205-453-2519 W o  KI D& 

. ACCCJMCLISHMENTS (Mlls5toner. ProbMmr. Near term actlvltier): 
---_c- 

TASKS: Aerodynamic of thc  Space Shut t le  Booster 
11-74005A: Navd Ship Research and Development Center, Washington, Do C. 20034 

> 
NAS8-26701: Wiird Tunnel Test ing on Space Shut t le  Configuration, 
Calspan Corporation, Buffalo, N. Y. 

OBJECTIVE: Pravide experimental, wind tunnel s t a t i c  s t a b i l i t y ,  drag, and cont ro l  
test  da ta  t o  support  aerod9namic s tudies  of Space Shut t le  concepts i n  the subsonic/ 
t ransonic  regi.xueso 
booster reentry,  and rage s a f e t y  aerodynamics. 
provide so lu t ions  t o  Space Shut t le  aerodynamic problems which w i l l  enable e f f i c i e n t  
design of launcfi. and booster  configurations.  
vehicle  performance opt imiza t ion  while maintaining acceptable s t a b i l i t y  and cont ro l  
margins during ascent,  o r b i t e r  pos i t i on  on: booster, e f fec t iveness  of aerodynamic con- 
t r o l  during launch, geometrical  shaping such as nose cone configurat ion and booster 
length t o  diameter r a t i o ,  drag reduction, booster and o r b i t e r  engine plume e f f e c t s ,  
booster engine locat ions,  'Reynolds number e f f e c t s  on s ta t ic  s t a b i l i t y  and cont ro l  
effect iveness ,  and i n t e r f e rence  loads oh the launch vehicle  components. 
reen t ry  aerodynamics needied f o r  recovery of booster components and high alpha aero- 
dynamics f o r  range safety. 

The major study area  of i n t e r e s t  are  launch vehicle  ascent, 
Data obtained w i l l  be u t i l i z e d  Co 

Specif ic  problems are : (1) Launch 

(2)  Booster 

APPROACH: 
w i l l  be used as the base l ine  configuration. ,The above problem areas  w i l l  be studied 
experimentally iin f a c i l i t i e s  supplied under con t r ac t s  l i s t e d  above on la rge  scale  

HREC-6370-1 In te r im Resul ts  of Parametr ic  Dale Bradley May %, 1659 
LMSC/HREC 0225587; Studies  of Space Shut t le  

The cu r ren t  Rockwe11 o r b i t e r ,  ex t e rna l  tank, and p a r a l l e l  burn SRB booster 

AUTHOR(s): DATE 
r. REPORT NO.: TITLE: TRA SMI 

Eooster and Orbi ter  Concepts t 

HREX-6370-2 Summary of Results of Para- Dale Bradley 
LMSC/HREC TIT metric Studies  of Space Robert E- Buchholz N/ A 

D3 063 46 Shut t le  Booster, Orbiter,  
& Launch Vehicle Concepts 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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(Coatinuation Sheer) PAGE 2 OF 3 
APPROACHLCONCLUDED 1 : 
models supplied by MSFC. 
loads and static s t a b i l i t y  data.  
w i l l  be supplied t o  support  the experimental s tud ies  i n  the G A L  8-foot Transonic and 
NSRDC 7 x lo-foot Transonic f a c i l i t i e s  and o the r  NASA f a c i l i t i e s  such as th MSFC 
14-inch TWT and the knes Giixaitary Plan Tunnels. 

€bth pressure and force tests w i l l  be conducted to obta in  
Also, development, des ign  and f ab r i ca t ion  e f f o r t s  

STATUS : 

Technical Progress - Al.1 Shuttle inves t iga t ions  conducted t o  date i n  the Calspan and 
NSWC f a c i l i t i e s  have been documented and the r e s u l t s  summarized i n  the f i r s t  two 
repor t s  Listed above. Several tests were conducted i n  the NSRDC and CAL f a c i l i t i e s  
during the durat ion of t h i s  RTOP t o  study configurat ion geometry, engine loca t ion  
e f f e c t s  on s t a t i c  s t a b i l i t y ,  control  effect iveness ,  drag reduction and engine plume 
e f f e c t s  on a Shut t le  booster. The r e s u l t s  of these test programs are too extensive t o  
mention here, but are discussed i n  past  RTOP repor t s  and above l i s t e d  repor t ss  

The major e f f o r t  at  Calspark during t h i s  repor t  period was the development, f ab r i ca t ion  
and checkout of small so l id  rocket motors f o r  use i n  a hot engine plume test  i n  the 
MSFC 14-inch TWT. This test invest igated the f e a s i b i l i t y  of simulating the Shut t le  
SRM motors i n  a wind tunnel  which w i l l  provide the information needed f o r  aerodynamic 
t e s t i n g  of Shuttle conf igura t ions  with engine exhaust e f f ec t s .  

Plans t o  conduct l a rge  scale force and pressure t e s t s  on the l a t e s t  SRB configurat ion 
a t  high alpha for r een t ry  and recovery ana lys i s  have been delayed u n t i l  small scale  
t e s t s  i n  the MSFC 14-inch TMT are completed and the configurat ion evolut ion becomes 
r e  1 a t  ive l y  st able - I 

Management Progress - P a r t  of the e f f o r t  during t h i s  repor t  period w a s  funded under COS 

code 976-10-00, 

Problems - Because of the procurement lead time of t e s t  model hardware f o r  large 
wind tunnels  and rap id  S h u t t l e  configurat ion changes, it has been d i f f i c u l t  t o  form 
firm plans f o r  conducting tests i n  the above f d c i l i t i e s .  

Causes of Problems - Long procurement: time f o r  la rge  wind tunnel models and Shut t le  
configurat ion not  y e t  stable. 

Suggested Solutions - None 

'L 

Forecast - None 

... 
MSFC - Form 350-1 (March 1973) 
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?AGE 1 OF 3 
CENTER: 2. PERIOD COVERED: 3. CODE 

CURRENT NO.: PRIOR NO.: 

MSFC 01 10 73 31 03 74 908-54 -05 908-54-05 
TITLE: 

TELEPHONE: APPROVAL: 

ELECTRICAL POWER 
HESPONSI EL€ I NDI V I OUAL: s *  

si, f l -  
W.J, Robinson, S&E-SSL-SG 453-0029 W. H. Sieber 

ACCOMPLISHMENTS (Milestones. Problems. Near term activities): 

OBJECTIVE(S): 
of e l e c t r i c a l  power Over microwave and l a s e r  l inks  through the f e a s i b i l i t y  phase and t o  
inves t iga te  the p r a c t i c a l i t y  of t ransmi t t ing  power over microwave and l a s e r  beams 
between ea r th -o rb i t i ng  s a t e l l i t e s .  
power leve ls  a r e  i n  the v i c i n i t y  of 2 kw. Later  the power l eve l  i s  expected t o  increase 
t o  the 50- t o  lOOkw range if t he  nuclear reac tor  must be separated from the base s t a t i o n  
The important parameters f o r  use i n  planning ea r th  o r b i t a l  s c i e n t i f i c  programs a r e  ef-  
f ic iency ,  dis tances ,  and power levels. 

The o-bjective of this program is  t o  develop technology f o r  transmission 

The dis tances  contemplated a r e  1 t o  2 km, and the 

Background - The f e a s i b i l i t y  study of wireless  power transmission a t  MSFC began i n  
1967 as a r e s u l t  of a need to t r a n s f e r  some 2 kw of e l e c t r i c a l  power between ear th-  
o r b i t i n g  s a t e l l i t e s .  A wire l e s s  power transmission system has a t ransmi t te r ,  beam- 
forming device, and a rece iv ing  device which captures the electromagnetic energy and 
converts i t  t o  de power. 

NASA technical .  memorandum repor t  !I53806 e n t i t l e d  "The F e a s i b i l i t y  of Wireless Power 
Transmission for an Orb i t ing  Astronomical Station" was published May 27, 1969, and 
is a repor t  of t h e  development of microwave and l a s e r  components which may be appl i -  
cable  t o  wireless  power transmission systems, 
development i n  t h e  microwave wavelength region was wel l  ahead of t h a t  i n  the  l a s e r  
region. For example, t r ansmi t t i ng  devices i n  the microwave region were capable of 
some 400 kw of output ,  whereas devices developed i n  the l a s e r  region were capable of 
only about 10 kw output .  Components f o r  conversion of microwave and l a s e r  t o  dc 
e l e c t r i c a l  power w e r e  very poor i n  the microwave and nonexistent i n  the  l a s e r  region. 

The inves t iga t ion  showed t h a t  component 

TITLE: AUTHOR@): DATE 
TRANSMITTED . REPORTNO.: 

PT-2931 Free-Space Microwave W. C. Brown June 1970 
Power Transmiss ion Study , 
Phase I 

t 

PT-3539 Free-Space Microwave Power W. C. Brown 
Transmission Study, Phase 11 

Sept 1972 
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Background - Continued 

A contracts.-ar€th Rayfdaeon Company @r. W. C. Brown, Pr inc ipa l  Inves t iga tor )  was 
l e t  i n  December: 1969 t o  study the problem areas  and improvements needed i n  microwave 
power t r a n s m i s s k  components. 

In  November 1970 a performance demonstration of a system using "off-the-shelf" 
components r e s u l t e d  i n  some 18% eff ic iency from a source of 60 Nz, 120V ac to the  
receiving antenna load, 
t o  show the r e s u l t s  of &e study e f f o r t  over the past  th ree  years,  and a system 
ef f ic iency  of same 509, is expected. 

A performance demonstration i s  scheduled f o r  May 1974 

The in-house effort cons is ted  of construction of t h ree  la rge  receiving antennas 
for operation on t h e  Aserionics Antenna Range t o  determine e f f ic iency  and power l eve l s  
as  a function af d i s t a n c e  between t ransmit t ing antenna and receiving antenna. This 
e f f o r t  is expected t o  b e  completed by May 1974. 

APPROACH: The 
of the NASA-Raytbeon j o h t  e f f o r t  i n  t h i s  program s ince  1969. 
has been i n  the. receiving subsystem eff ic iency . 

s t r a t i o n  is scheduled a t  MSFC i n  May t974 t o  show t h e  r e s u l t s  
The major imprcvement 

System ccmpcments h addi t ion  t o  receiving components of b e t t e r  eff ic iency.have 
been assembled c11 purchased by the contractor  f o r  the demonstration. 
ponents w i l l  be shipped toMSFC and assembled i n  Building 4481. 
s t r a t i o n  i s  expected t o  a t t a i n  an overall. e f f ic iency  of about 5O%.The system e f f i c i e n c  
'value and other p e r t i n e n t  data  will be published i n  a f i n a l  r epor t  f o r  d i s t r i b u t i o n .  

The system com- 
The system demon- 

In-House EZEort - Il;l%s e f f o r t  w i l l  u t i l i z e  the  th ree  la rge  r e c e i v h g  antennas 
which were b u i l t  for  range operation. A 5-kw, 2.45-GHz t ransmi t te r  is being used a s  
the  microwavepmrer source on the Astrionics Range t o  determine e f f ic iency  and power 
l eve l s  possibxe at given dis tances  up t o  120 meters. The r e s u l t s  of the range tests 
w i l l  be included i n  t h e  f i n a l  report .  

STATUS: A l l  in-house a c t i v i t y  i s  taking place on the  Astr ionics  Antenna Range. 
ments a r e  b e i n g  made at dis tances  from 15 meters t o  120 meters. 

Measur 

The R a y t h m  con t rac to r  i s  assembling the  equipment p r io r  t o  shipment Eo MSFC f o r  
use i n  the  sewsad demonstration. 1* 

REMARKS: Because the  extended program to  bui ld  a 50-kw receiving antenna a t  MSFC has 
been t r a n s f e r r e d  to  another  NASA Center, copies of a l l r e c o r d s  and equipment b u i l t  at 
MSFC should be t s a n s f e m e d  to the  responsible NASA Center with t h e  exception of the  
f i r s t  receiv- antenna, which should be offered t o  our space museum. 

. .. --- 
YSFC - Form 350-1 ( M P r C h  1973) 
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Stabilization and Control 

, SBE-ASTR-A 
. ACCOMPLISHMENTS (Mifestoncr. Problems, Near term activltisr): 

APPROVAL: 

Hans H. Hosenthien 
- 

Univ. of California Office of Extramural Support, Loa Angeles, CA, NAS8-28358. 

OB JEC TIVE : 

nonrigid spacecraft with active control systems having sensors and/or actuators attached to 
elastic portions of the vehicle. 

APPROACH: 

To estabEsh criteria for observability, controllability, stability, and performance of 

To begin with explicit determination of the desired criteria for relatively simple 
idealizations of flexible spacecraft, and proceed when possible to generic conclusions. 

STATUS: 

1. Literal. criteria have been developed for the controllability and observability of 
general models of flexible spacecraft. Results are interpreted in special cases and in physical 
terms, permitting in some cases the identification of uncontrollable and unobservable states 
simply by examination of scalars composed of modal parameters and location matrices for 
sensors and actuators, A procedure has been established for isolation of uncontrollable states, 
whereby sensor and actuator configurations assure that uncontrollable flexible mode states are 
also unobservable; in many applications such states can then be removed by coordinate turncatio 

matrix inversion. involved in certain coordinate transformations and the coordinate truncations 
2. Necessary and sufficient conditions have been established for the commutativity of 

. REPORTNO.: TITLE: AUTHOR(r): DATE 
TRANSMITTED 

FInal Report Attitude Control Concepts Peter W. Likins Feb. 1974 
UC LA-ENG-7413 for Precision-Pointing 'r 

Nonsigid Spacecraft 
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that are essential to practical structural dynamics. Computational constraints demand that 
truncations precede the generation of explicit transformed equations, while mathematical 
arguments imply the opposite sequence. Results jeopardize the utility of two of the three 
transformation procedures considered here for rotating flexible bodies. r 

3. Modal analyses have been performed for the transverse vibrations of a uniform Euler-/ 
I~urnoulll b w m ,  rutdting about an  axis orthogonal to the beam. Results a re  obtained for a 
r:mtllc:vc:r buam emanating radially from a base which is rotating but not translating in inertial 
q):iw, and for a beam with built-in ends spanning the diameter of a ring which is rotating about 
its intwtiaIly fixed symmetry axis. "he equations are formulated in terms of a small parameter 
E which is proportional to beam stiffness and inversely related to mass density, length, rotation 
rate, and t h e  pretension of the diametral beam. The resulting singular perturbation problem 
has been analyzed by the method of matched asymptotic expansions, employing asymptotic 
expansions for the central region and for boundary layers at either end. 

I 

. 4. General - purpose simulation equations for arbitrary spacecraft are under developmenl 
fn conjunction with this effort is the evaluation of the influence of sensor and actuator location on 
flexible spacecraft performance and the preliminary evaluation of the concept of a disturbance- 
insensitive control system. 

.. 
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. TITLE: 

Stabilization and Control 

IDUAL: TELEPHONE: APPROVAL: 

S &E-A STR-A 453-4713 Hans H. Hosenthien 
I I 

niv. of Santa Clara, CA, NAS8-27793. . ACCOMPLISHMENTS (M&lertoner, Problem& Nearterm actlvltler): u 
OBJECTIVE : 
----I_-- 

Develop and apply multilevel methods for the analysis and design of complex attitude 
control systems. 

APPROACH: 
--_c-- 

' The purpose of the research is to investigate stability of the spinning Skylab control system 
by the modern decomposition-aggregation methods. Such an investigation is motivated by the 
fact that the mathematical model of the system is exceedingly complex and a straightforward 
analysis would become bogged down in the welter of detail requiring an excessive computer 
storage and time to complete the investigation. The multilevel decomposition-aggregation 
approach offers to solve the stability problems llpiece-by-piecell and not only make more 
economical the computer use, but also reduce the liability of the errors in the analysis. 
Furthermore, by decomposing the system into parts that have important physical meaning, the 
decomposition-aggregation approach yields significant structural information about the behavior 
of the system, which is not generally available in a straightforward stability investigation. 

STAT US: 

The decomposition-aggregation stability method has been further developed to determine 
the conditions on system parameters which permit decomposition to be used. To reduce the well 
known inherent conservative characteristics yielded by Liapunov functions, an optimization 
problem has been formulated and resolved producing an optimum comparison system. This 

AUTHOR(s): DATE '. REPORT NO.: TITLE: TRANSMITTED 

NASA CR-2196 Decomposition-Aggregation D. D. Siljak 'b Nov. 73 
Stability Analysis S. Weissenberger 

S. M. Cuk 

Proceedings of the Decomposition-Aggregation S. M. Cuk NOV. 27-29, '73 
Seventh Asilomar Conf. ; of the Spinning Skylab D.D. Siljak 
Pacific Grove, Calif., 27-29 Blar. 73 
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system provides the best estimate of the stability region of the important parameters. In the 
sample problem, this parameter was an important structural characteristic of an eleventh 
order system model. 

r 
\ 
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1. CENTER: 2. PERIOD COVERED: 3. CQDE 
PRIOR NO.: CURRENT NO.: 

31 10 73 31 03 74 909-5 1-02 908-51-02 MSFC 
- 

a. TITLE: 

*, RESPONSIBLE INDlVlDU 

D. WiUces, SSEE-SS 
3 .  Trenkle, S&E-SSL-TR 

OBJECTTVE(S); 
been shown to  le a l t e r e d  considerably under the space environments, including s o l a r  
electromagnetic r ad ia t ion  cnd thermal vacuum. 
surfaces  used on Long Shu t t l e  Qiss ion  rayloads w i l l  be required t o  remain s t a b l e  i n  
t h e i r  o p t i c a l  p roper t ies  f o r  up to a Io-year l i fe t ime.  This i s  a s t r ingen t  requirement 
because.of the harsh vacurun u l t r a v i o l e t  and p a r t i c u l a t e  environment t o  which they will 
be subjected a s  wel l  a s  the p o s s i b i l i t y  of t h e i r  being contaminated by the l i f e  support 
and operat ional  functions of the  vehicle.  
systems design, design engineers must have ava i l ab l s  a l l  i n i t i a l  p roper t ies  data  on 
thermal cont ro l  surfzces  and tke  changes i n  these da ta  which w i l l  occur during mission 
l i fe t ime.  
candidate thermal contyol SurLraces. 

---- 

(I) Problem - The o p t i c a l  propert ies  of thermal cont ro l  surfaces  have 

(2) Aml ica t ion  - The thermal cont ro l  

(3) Objective - To insure thermal cont ro l  

The ob jec t i s e  of t h i s  task is  t o  generate t h e  required dedign data  f o r  a l l  

APPROACH: Thermal contrcil surfaces  w i i l  be t e s t ed  in  the  laboratory t o  e s t a b l i s h  the 
e f f e c t s  of the simulated aiss ion-enviroment  on these surfaces .  This w i l l  include 
vacuum and so la r  u l t r a v i o l e t  rad ia t ion  as well  ab: d i f f e r e n t  types of contamination. 
The mechanisms of these damaqirig eLCfects w i i l  be pursned so Acse e f € e c t s  could be 
minimized by spec ia l  design, time-kintng, or ien ta t ion ,  mater ia l  s e l ec t ion ,  e t c .  
Accelerated t e s t i n g  r a t e s  w i l l  3e used t o  provide the required 5 - t c  lG-year tests. 

. REPORTNO.: TITLE: AUTHOR(6): DATE 
TRANSMITTED 

Since the beginning of t h l s  task,  mouthly, quarter ly ,  seui-annually and spec ia l  
reports  have been submitted a s  required. 

Since the f a c i l i t y  has been f inished and t e s t i n g  j u s t  beguc, no repor t  of r e s u l t s  
of long-term tests has been generated. 

'b 



RESEARCH AND 

STATUS: An in-house t e s t i n g  f a c i l i t y  cons is t ing  of a c lean  vacuum system, 5-kw Hg- 
&non s o l a r  W simulator, a 19-sample capacity s u b s t r a t e  and manipulator system, and 
a unique computer-controlled spectroreffectorneter has been designed and b u i l t .  A t  . 
present, environmental t e s t s  a r e  being run and w i l l  continue t o  generate t h e  required 
&sign data .  
t h i s  f a c i l i t y  was used on an around-the-clock schedule t o  tes t  t h e  proposed thermal 
sh i e ld  mater ia l s  t h a t  were used i n  the  Skylab "fix". 

When t h e  thermal cont ro l  problem w a s  encountered upon Skylab deployment, 

Problems - It has been d i f f i c u l t  t o  obta in  samples of candidate thermal c o n t r o l  
sur faces  for  t e s t i n g .  
pursued t o  a l l e v i a t e  t h i s  problem. 

Other sources and agreements with present sources are being 

Forecast  - The present t e s t s  will be continued and mission-related tests (such as t h e  
Skylab tests) will be run as required. 

. .  
- . . ._. ._ .- - .. . . . 
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. TtTLE: 

Therm 1 Control - ---. -- .-- 
l 4 f  SPONC~IBL€ INOlV lDUAL~ TELEPHONE: APPROVAL: 

Jack D. Loose 205 453-3824 C. C. Wood 
. ACCOMPLISHMENTS (MHmtones. Problems. Near term actlvitlsr): 

E: Transverse Header Heat Pipe; NAS8-27793, Grumman Aerospace Corporation 
(Note: 
Ilhe header development i s  a new task ,  bu t  an extension of the  old contract .  
r e s u l t s  under t h e  p r i o r  heading were reported i n  the previous progress repor t .  
and fu tu re  progress r e p o r t s  w i l l  address the  Transverse Header t a sk  only .I 

This t a s k  has previously been t i t l e d :  "Large Variable Conductance Heat Pipe." 
F ina l  

This 

O B J E ~ I V E S :  
heat piping ac t ion  between a heat source and s ink.  
condensible gas f o r  varying a c t i v e  condenser length, but  subs t an t i a l ly  shortens the 
l iqu id  r e tu rn  path. The e f f o r t  w a s  i n i t i a t e d  t o  circumvent gas blockage degradation of 
a r t e r i a l  wicking systems i n  gas loaded hea t  pipes,  a problem which has been reported by 
severa 1 inves t iga tors  of high performance var iab le  conductance hea t  p ipes .  

Goals a r e  t o  understand and a n a l y t i c a l l y  character ize  the underlying performance 
f ac to r s  of t he  novel configuration, optimize those f ac to r s ,  and propose 
thermal cont ro l  appl ica t ions  of t h e  device. This  is t o  be done through tes t  arid 
ana l y s i s  of experimenta 1 hardware. 

Develop a new heat pipe configuration f o r  achieving va r i ab le  conductance 
The t ransverse header invokes non- 

p r a c t i c a l  

APPROACH: 
1. Analysis: Analyze da t a  of previously b u i l t  and t e s t ed  Transverse Header Heat Pipe 

(THHP). 
of contract  NAS8-27793). U s e  data  t o  ana ly t i ca l ly  model and optimize THHP performance, 
Define hardware modifications.  

Work scope has 5 phases: 

(This was tested under contractor  inhouse funding i n  support of the  i n i t i a l  cas€ 

. REPORTNO.: TITLE: AUTHOR(r): DATE 
TRANSMITTED 

THPR- 1 Monthly Progress  Report No. 1- F. Edels te in  'b. 2 / 6 / 7 4  
Jan. 1974 

THJ?R-2 Schedule F. Edels ta in  2/6/74 

THPM- 1 Transverse Header Experimental F. Edels te in  2/27 174 
Resul ts  
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APPROACH: (Continued) 

2, Fabrication: Design and f a b r i c a t e  modified hardware. 

3, Tes t :  Parametrically t es t  modified hardware. 

4,  Correlation: 

5. Applications: Define p o t e n t i a l  thermal con t ro l  app l i ca t ions  of THHP's and 

U s e  t es t  da t a  to c o r r e l a t e  and r e f i n e  a n a l y t i c a l  model of THHP. 

show f e a s i b i l i t y  and performance by s impl i f ied  analyses. 

STATUS : 

Technical Promess: The first test unit was an  annulus surrounding a f l u i d  l i n e .  It 
had an I .D .  of 1.0'' (evaporator), O.D. of 2.0" (condenser), and a 22.3" length. 
Working f l u i d  was ammonia; con t ro l  gas was nitrogen. The annulus is  divided i n t o  
inner  and ou te r  annu l i  by a t h i n  ba f f l e .  Vapor t r ave r ses  a x i a l l y  along t h e  inner  
annulus, then turns  a t  one end passing out  and back through the  outer  annulus. 
Condensate r e tu rns  through t h e  b a f f l e  v i a  r a d i a l  wicks. Heat t r a n s f e r  was ac t iva t ed  
by cooling the  exterior diameter below t h e  f l u i d  l i n e  temperature. 

Data was p lo t t ed  and evaluated. 
of 1000 and 3200 BTU/hr-ft2-OF respec t ive ly  were measured. Loads over 3000 wat t s  
were achieved w i t h  t h e  con t ro l  gas  introduced, showing no bubble problems. Vapor 
temperature con t ro l  was demonstrated over a 400 - 3000 wat t  load range. Although 
t h k e  va lues  represent  good performance, t h e  da ta  evidenced additiona 1 performance 
was poss ib le  through design improvements. 

Evaporator and condenser hea t  t r a n s f e r  c o e f f i c i e n t s  

Management Pronress: Ten month extension f o r  t h i s  t a s k  signed October 1, 1973. 
T o t a l  extension cost:  $40,545. Work i n i t i a t i o n  delayed t o  January 1, 1974, by 
cont rac tor  personnel changes. R e v i e w  a t  MSFC held March 14, 1974. 

Conclusions: 

Problems: 

None, o ther  than a s  reported under Technical Progress. 

Three month s l i p  i n  work i n i t i a t i o n  may n e c e s s i t a t e  extension of 
cont rac t  per iod.  

%Y 

Forecast: Further ana lys i s  and t e s t i n g  w i l l  def ine  design parameters f o r  even 
increased hea t  t r anspor t  and temperature con t ro l  performance. 

Remarks: None 

I 

..- . -1 
~ .. 

- 1  . 
MSFC .I Forin 350-1 (March 1973) 
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MSFC 191 10 7 3  3 1  03 74 909-51-02 909-5 1-02 
4. TITLE: 

Therma 1 Control I 

TELEPHONEI R t  SPONSIBLE IPO!Vt3UAL: 

205 453-3824 C. C. Wood Kenneth E - McCcy 
6. ACCOMPLISHMENTS (Mllestoner, Problems, Near term sctlvltler): 

TASK:. - Heat Pipe Thernii 1 Conditioning Panel; MAS8-28639 (MDAC) 

OBJECTIVE: 
thermal conditioning panel  t h a t  has broad appl ica t ion  off spacecraf t  thermal management. 

Uevelop a proven design cclnccpt and working model of a modular hea t  pipe 

APPROACH: Contractor s h a l l  develop the concept and hardware i n  f i v e  major phases a s  
follows: Phase I - Formulation of Specif icat ions:  Inves t iga te  appl ica t ions  f o r  panel 
and develop design/performance spec l f ica t ions  for  panel t o  provide maximum u t i l i t y .  
Phase 2 - Analysis,  Design, and Concepts Section: Develop a l t e r n a t i v e  deslgn concepts, 
analyze performance; apd then select and design i n  d e t a i l  optimum concept. Phase 3 - 
Fabrication: Fabr ica t€  se lec ted  panel'cf Phase 2. Phase 4 - Testing: Tes t  panel 
under simulated app l i c s t ion  environments t o  ve r i fy  analyses  and achievement of per- 
formance spec i f i ca t ions .  Phase 5 - &?cond Pa&: Repeat Phase 3 and 4 fox a second 
panel  b u i l t  t o  the  select& desLgn or t o  B modified o r  a l t e r n a t i v e  design. 
with drawings, manuals, e t c . ,  w i l l  be del ivered t o  MSFC f o r  add i t iona l  inhouse tes ts .  

Both panels ,  

- 
STATUS: 

Technica 1 Propress: During t h e  currant  repor t i  ng period tZie following tasks  were 
completed; f ab r i ca t ion  and Lesting of f i r s t  panel , design,  f ab r i ca t ion  and t e s t i n g  of 
second panel ,  and both panels del ivered t o  MSFC. 

7. REPORT NO.: 

MDC G 3155 

MDC G 4406 

MDC G 4416 

MDC G 4421 

- 
TITLE: AUfHQR(r): DATE 

TRANSMITTED 

"(iuarterly S ta tus  Report, 
Hzat Pipe Therm 1 Condition- 
ing  Panel" 

I 
'I I 
II 

I "Heat Pipe Thermal Condi t iming  
Pane1;'Detailed Technics 1 Report 

"Hedt  Pip; Therm 1 Conditioning 
Panel- %'' Exscutive Surrmry Report 

J.S .  Holmgren October 1972 

March 1973 tt 

E.W. Saaski  June 1973 

ti Sept. 1973 

I1 I t  1' 
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STATUS : (Continued) 

Management Progress: A one year  contract  wi th  MDC was signed June 28,  2972, f o r  
$68,183. 
expended by November 15, 1972. Work waa stopped awaiting FY73 funds. The balance 
of fund became ava i lab2e  February 15, 1973 and work was resumed a f t e r  a 3 month 
delay. Contract was extended t o  September 12, 1973 on March 19, 1973 t o  compensate 
for time lost wait ing on balance of f nds. This cont rac t  was conrpleted w i t h  de l ivery  of 
the second pane2 and final r epor t  in geptember 1973. 

use same design i n  both fnhabi ted  and uninhabited a reas  with only a f l u i d  change. 
Aluminum/ammonia appears  optimum i n  unpressurized a reas  and a luminum/acetone may be 
acceptable.  
t u re  d i f fe rence  a t  rnaximrsnn h e a t  load. Inves t iga t ion  revealed t h a t  t h i s  was caused by . 

excessive gaps a t  the hear p ipe / face  sheet  i n t e r f aces .  Design changes incorporated in 
the  second pans1 included using a square ex t rus ion  f o r  the hea t  pipe,  a higher  
conductivity banding agent  a t  the hea t  pipe/face sheet in t e r f ace  and c lose r  hea t  
pipe spacing. 
less than the  design g o a l  of U 0 F  a t  300 wat t s  t o t a l  load. 

The cont rac t  was i n t t i a l l y  p a r t i a l l y  funded f o r  only $30,000, which was 

Conclusions: Prel iminary evaluat ion of design concepts i nd ica t e  i t  is bossib.le t o  

+ 

Test ing  o f  the f i r s t  panel revealed an  excessive source t o  s i n k  tempera- 

These changes reduced the source t o  s ink  temperature d i f fe rence  t o  

Problems': Eone 

Remarks: Since completed, w i l l  be discontinued i n  fu tu re  URS reports .  

. .  .. . .. 

s :  

St 
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c. c. wood 

ASK: Deployable Heat P i p e  Radiator; NAS8-29905, Grumman Aerospace Corpora t i o n  

WECTIVE: 
eader which has deployment c a p a b i l i t y  and can serve a s  an experimental research 
001 f o r  inves t iga t ing  t h e  eoutrol c h a r a c t e r i s t i c s  of: (1) va r i ab le  conductance 
i n  hea t  pipes used with a flusd loop header o r  s ing le  f l u i d  hea t  pipe header ,  and 
2) a var iab le  conductance heat p%pe header used wi th  s ing le  f l u i d  or  v a r i a b l e  
ondutance f i n  hea t  pipes. 
oad of 200 - 400 w a t t s  ar n o d m a l l y  530°R. 
f 7 fee t ' and  t r anspor t  capacLty of 400 watts .  

Design and f a b r i c a t e  B h e a t  pipe r a d i a t o r  panel and f l e x i b l e  hea t  pipe 

Panel to be approximately 4' x 6 l  and reject a heat  
Heat pipe header t o  have minimum length 

PPROACH: The effort is d i v t d d  -into 6 phases: 

i 
c 

1. Panel concept:: Perform parametric s tudies  t o  def ine r ad ia to r  panel design/  
performance s p e c i f i c a t i o n s  . 

2. Flexib le  heacler: Develop f l e x i b l e  var iab le  conductance bea t  pipe. 
3. Design: Perform d e t a i l e d  analysis and engineering design. 
4. Fabricate: Fabr i ca t e  a d  assemble hardware. 
5 ,  Test: Prepare test p l a i d p r o c e d u r e s  and perform v e r i f i c a t i o n  test .  

6 .  Tes t  plan: Pzepare thermal vacuum t es t  plan for t e s t i n g  i n  Government f a c i l i t i e s .  

Ship 
hardware t o  MSFC. 

_.- 

TITLE: AUTHOR(8)r DATE 
TRANSMITTED 

. REPORTNO.: 

3HPM-1 "Design Reqdrements - Deployable Heat J, Alar io  February 1974 

DHPM-2 "Panel Desigp Selectiozn, Deployable J. Alar io  February 1974 

DHPR-1 "Deployable Heat Pipe Ba;diator Monthly Fred Edelstein Oct. 15, 1973 

DHPR-2 "Deployable H e a t  Pipe aaddator Monthly Fred -Edels tein Jan. 11, 1974 

Pipe Radiatrd '  'r 

Heat Pipe Risdiator" 

Progress Report No, I 

Progress Repore No, 2 

DHPR-3 "Deployable He& Pipe v i a t o r  Monthly Fred Edelstein Feb. 12, 1974 
Progress Report Na. 3 

FIRST BENEFITTING: PRWECT: Sortie Lab 

WFC- 360 (Much 1911) 
I 
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STATUS : - 
Technical Progress: The design requirements have been defined and documented i n  

A d e t a i l  ana lys i s  has been completed which d e t a i l s  the se l ec t ion  wtnorandum DKVM-1. 
.crf the basfc panel design for the-deployable radiator .  
malysis,  DWM-2, has been published. 

A memorandum documenting t h i s  

Analyses have been performed on the design of the a r t e r y  f o r  the  header heat  
pipe. These r e s u l t s  are being evaluated and recommendations w i l l  be made shor t ly ,  

Management Progress: CPFF cont rac t  signed August 20, 1973, with Grurmnan Aerospace 
Cmporation far L2-month performance period. 

(xt October 4, 1973, a kickoff meeting was herd a t  MSFC. On March 14, 1974, 
ZL meeting w a s  held at MSFC t o  review and approve concept developed by Grumman. 

Conclusions: N&e - 
Problems: There has been a small delay i n  receipt of the  f l e x i b l e  sec t ion  necessa: 

for the deployment s e c t i o n  of the  heat pipe. 

Forecast: Progress as scheduled. 

. I I 

. .  

t 
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- E l e c t r i c a l  Power ----_- 
5. w f  SWNSIBLE INDIVIDUAL: TELEPHONE: ACPROVAL: 

R. M. Aden 
S6JE-ASTR-E ‘ c. a. Graff 453-45 60 

5. P<CW.WLISHMEF(TS (Mb5ton.d Pruaicms. Near t a m  activities): 

‘Jbjective: 
P ~ J v c ~ .  Generation by Solar Arrays. 

_I_- 

To develop design concepts, techniques and c r i t e r i a  i n  the  a rea  of E l e c t r i c a l  

Approach: 
indivfdually summarized and discussed. 

This program is being conducted under separate  t a sks  which w i l l  be 
The following tasks  a r e  i n  work: 

o 
o 

Space Station Sola r  Array Development 
Evaluat ion of Shallow-Diffused (Violet) ,  High Eff ic iency Solar  Ce l l s  

- 0  Statuti. 
report  f o r  each task  fallows: 

Both t asks  are cont rac ted  effor ts  using 33-73 and p r i o r  year funding. A s t a t u s  

-’ Remarks- 
other remarks e 

See ind iv idua l  t a sks  for those previously reported under other  numbers o r  

_ -  
~ 

DATE 
TRANSMITTED TITLE: AUTHORW: 

See individual  Tasks, ’b 

I 



, TITLE: -- 

Electr ical  Power 
RESPONSIBLE IN01 VIDUAL: TELEPHONE: APPROVAL: 

R, M, Aden 
W. L. Crabtree 453-4566 SEjE-ASTR-E 

, ACCOMPLI~HMEN'TS (Milastones. Pmbtems, N4ar term actlvltlos): 

.--L-- Task: Space Station Solar Array  Development 

Contract No: NAS8-28432, Lockheed Missile 6 Space Co. 

Objective: Develop a long life, retractabl e, foldout, solar array using flexib,s 
substrates and incorporating modularization, Fabricate modules using standard 
and f lv io let l~ ceOIs with welded interconnects and develop acceptance testing criteria, 

1 

Approach: The effort wifl be accomplished in five phases: 

8 ,  
Et. 
8111, 
W., 
V. 

EstabC ish materia Is properties and fabrication processes. 
Estabiish design requirements; design and fabricate modules. 
Environmental test and analysis of modules. 
Establishment of acceptance test methodology and criteria. 
Deve topmen t of array retraction method, 

Status: The second iteration of Phase I l l  involving testing of 14 modules uti l izing 
para1 lel-gap wetding and molybdenum and copper interconnects i s  considerably 
behind schedule due to test set-up related fabrication and outgassing problems. 
Phase IV  is slightly behind schedule due to the above problems; however, Phase V 
is  on Schedule, 

AUTHOR@): DATE . REPORTNO.: TtTLE: TRANSMITTED 

'L 

No Reports ather than Monthly Status Reports have been written during this 
reporting period. 

F i r s t  Benefiting: Project: LST/Space Station 

- *  
I_ 

MSFC .I Form 3 80 (UU& 1978  1 
' 

-- - 
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TITLE: 

Elect r ica l  Power 
RESPONSIBLE INDlVl DUAL: TELEPHONE: APPROVALr 

R, M. Aden 

1 SQE-ASTR-E :. B. Graff 453-4567 
ACCOMPLISHMENTS [MltOStOna, -Oms. N r r  term WtlVit lOS):  

'ask: - Evaluation of Shal low-Diffused ( Violet), High-Efficiency Solar Cei Is 

:on t ract No: NAS8--298372, Centra I ab 1 nc. 

)bjective(s): To pracure a quantity of the newly developed shallow-diffused, high- 
fficiency Ifviolet" solar eel Is foc performance evaluation purposes. During evalu- 
tion, emphasis w i l l  be placed on conversion efficiency, temperature coefficients 
power, voltage, and- current), and end ronmentai degradation rate. 

-0 gain knowledge oFthe general mechanism of the cell production line, especially 
#redictions of yield and performance. 
luction, and to predict =st per unit in mass quantities. Also, the contractor's views 
egarding standardizati 

To identify changes necessary for  m a s s  pro-' 

of cells and/or submodules wit t be obtained, 

ipproach: A productfan fine wilt be established, the cells wi l l  be tested for speci- 
ied performance, and changes necessary for  mass production wi l l  be identified. 

status: Technical Progress: The init ial  cell production line has been established 
nd cells are being produced. Minor problem areas are being studied in order to 
lstablish a mass producZion fine, Areas of possible cost reduction are being studied. 

Management Prcwwess: Contract expiration date has been extended to Apr i l  
5, 1974, 

DATE 
TRANSMITTED REPORT NO.: T d T L E C  AUTHOR(%): 

t 

-. - I r s  t Benefiting Project.: A3 i 
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Conclusions: None to date. 

Problem Areas: Problems have been encountered in the fabrication process 
The major problem encountered has 

These problems have caused a deiay in  the production of acceptable cells. 

n trying to scale up production of viol et cells. 
>een in maintaining the criticaf diffusion parameters required for large-scale pro- 
luction. 

- -- - 
MSPC - Form 350-1 (March 1973; 



objectiT/e:: 
\-4iommunicatgans and tracking simultaneously from space vehicles. The array wi l l  be 
capable r/f beam stee and contain transmit, receive, tracking and directional control of 
$,&ad c d  higher fr ncy signals. The array w i l l  be compatible with space relay satellites 
%nd. grmfd receivin transmitting stations. 

To deve OP an electtonically steerable microwave phased array that i s  capable of 

_>pproa&; The array sign and construction utilizes 100 percent usage of active electronic circuii 
Required inputs are d-6- power and data bi t  stream. Outputs are in the form of data and direc- 
9ional t rwking i~fa-tndh~. The array utilizes 100 percent microwave integrated circuitry, micro- 
\trip techniques and iMegrated logic circuitry. Both in-house design and contractual fabrication 
and development are utilized. The system utilizes highly reliable, lightweight, high efficiency 
yechniques to achieve &I long life operational system. 

_status: Technical prowess --- The fabrication assembly and checkout of  the 48 single layer, 
active electronic tnocbh for the S-band phased array was begun during this reporting period. 
-Fabricutlon and IY of 75 percent of the modules i s  now complete. Checkout and phase 
%ompeeation of each module i s  now in  progress. A l l  modules are expected to be completed and 
ready for final pot ti^ and mechanical sealing early i n  the next reporting period. (Cont'd) 

~ 

. +~EPOR+ NO,; TITLE: AUTHOR(t): DATE 
TRANSMITTED Airborne Electronicai IY Steerable , 

Phased Array, Final Report of 
Design Phase, Jan. 29, Im 'L 

Antenna Array Efficiency and 
fff iciency lrnprovements Through 
Compensation, Technicai Report No. I 

Airborne Electronically Steerable 
Phased Array, Ju I y I972 e 

An Evaluation of Ku Band 
Rased Array Techniques 
Applicable to Space - 
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Status: (Cont'd) - T h e  Kw-band phased array techniques study and trade-off evaluation has been 
-ted. Critical c r e s  for Ku-band components development have been defined and a trade study- 
Df most critical areas hc/e been ranked according to priority for further study. The most critical 
area for first developrnert and study i s  the phase shifter. This i s  the key item that will or wi l l  not 
permit active e&ectmnis modular fabrication and operation of a Ku-band electronically steered 
phased array. 

Design study, development and performance specifications for the Ku-band phased array system 
ore now being prepared. 3rogress i s  on schedule i n  this effort. 

Management Progress: 
ance of the contractual effort i s  now i n  progress. 

The specification and procurement action for the extended period of perform- 

Conclusion: 
schedule slippage - The progress during this reporting period i s  now back on schedule after a slight 

Problems; Fabrication o f  the module circuitry was delayed during this reporting period due to slow 
delivery of the ceramic circuit substrate materials. The delay i n  schedule has been recovered and 
the progress is now on schedule- 

Cause of Problems: , Lute delivery of materials by the suppf ier. 
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MSFC 

TITLE: 

Aerothermodynamics 
-- 
w SPONSIEL~T;VOIVIDUAL: TELEPHONE: APPRQVAC: 

205 453-0170 Werner K. Dahm 
S&E -AERO -AT 
John D. Warmbrod 

___IC.- 

CZC C O  MPLl5kiM EN TS (Mllsst ones, Problems. Near term act Ivl t lor) : 

TASK: Rooster Aer ynam€cs Heating Test Support 
NAS8-28115, Kemtech, Inc. 
2603 Artie Street, Suite 21 
Huntsville, Alabama 35805 

OBJECTIVE ( S )  : 
work in the following important areas: 
develop rarefied flow regime heating rate correlations, and (3) analytical develop- 
ment and model design research for the MSFC Impulse Base Flow Facility. 

To supplement the Space Shuttle contractor Shuttle aerodynamic heating 
(1) Aerodynamic heating .test support, (2) 

APPROACH: Provide engineering support for the formulation and conduction of 
experimental aerodynamic heating programs. Develop and improve aerodynamic heating 
prediction methods and conduct research in model design for the MSFC Impulse Base 
Flow Facility. 
Space Shuttle flight thermal environments. 

Collect and correlate rarefied flow heating data to be used for 

STATUS: Technical Progress - Developed design curves for chamber properties of 
gaseous oxygen-hydrogen combustors. 
data was completed, 
Space Shuttle ET using the rarefied flow heating method developed under this 
contract. 
and correlated in the next reporting period. 

Analysis and documentation of the IBFF model 
Calculation of flight thermal environments were made on the 

Shuttle configuration data in the rarefied flow regime will beanalyzed 

_ _ -  . * -  

, REPORTNO.: TlfLE: AUTHOR(S): TRANSMITTED OATE 
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STATUS (CONCUJDED) 

N;inn$:cmcnt Progress - 
- Conclwfrms - Heating rates for certain areas on the ET during the ascent portion 
r,f the Space  Shuttle flight are significantly increased when using the rarefied 
f lw heat transfer method developed under this contract as compared to the 
conventionally used bwndary layer methods. 

Problems - &ne 
Causes of Problems - mane 

Suggested Sofutions - l one  

Forecast - Eone 
Publications - Remtecfa RTR 008-2, Aeroheating Correlations for Non-Continuum 

Hyperscmic Flight, Dr. Carl Engle. 
Remtecb RM 008-3, A n  Investigation of Impulse Base Flow Facility 
Data, T3.r. Carl Engle. 
Remteda RN 008-5, MINIVER Computer Program Modifications for 
Rarefield Flow Aeroheat ing , Dr. Carl Engle. 
Remtech RM 008-6, A Simple Recovery Enthalpy Relation for 
Hypersank Flight, Dr. Carl Engle. 
R e m t e c l a  RM 008-7, Synopsis for Thermal Environment Predictions 
of Two Cavity Regions of External Tank, Dr. Carl Engle. 
Remtech RM 008-8, MINIVER Computer Program Modifications for 
RarefZd Flow Aeroheating, Dr. Carl Engle. 
RerntecEi RM 008-9, Saturn 501 Rarefied Blow Heating Data Review, 
Dr. Carl Engle. 

z 
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PROGRESS REPORT 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

MSFC 01 10 73 31 03 74 
TITLE: 

kero thermodynamic s 
RESPONSIBLE INDIVIDUAL: TELEPHONEr APPROVAL: . 

Sa-AERO-AAF: 205- 453 -2517 W. K, Dahm ~ x & i z 4 ~ ,  Kemeth L. Blackwell 
ACCOMPLISHMENTS (Mllertonss. Pwbwms. Near term actlvltler): 

TASK: 
m - 2 9 7 5 2 ,  Lockheed E s s i l e s  & Space Company, Huntsville, AL 

Study of the Aerothermodynamic Characterisitics of Shuttle Vehicles During Staging 
NM~-26801, Lockheed MZssiles & Space Company, Huntsville, AL 

Two-Phase Flow Field Effects on Space Shuttle Plume Simulation 

Space Shuttle Plume Sinuilation Effect on Aerodynamics 
m8-29751, mMTECH, Inc, , Birmingham, AL 

OBTECTIVE: 
f i e ld  and adjacent flaw f ie lds  for  Space Shuttle type vehicles and determine the best 
cost effective means for accomplishing t e s t  programs where plume interactions are 
significant during ascent f l ight .  

To provide technology for wind tunnel simulation of prototype plume flow 

PPPROACH: Results o f  recent plume simulation analyses and wind tunnel tes t s  indicate 
more extensive studies axe required to  investigate plume induced effects on ascent 
vehicle aerodynamics, orbi ter  aerodynamic control surface torques, engine hinge 
torques, vehicle base pressure 'and local impingement loads, A basic approach has been 
selected t o  attack the technology questions surrounding plume simulation requirements. 
A simple body of revolukion w a s  selected as the vehicle for  the study to  allow broader 
use of results ryld to  make analysis easier. Areas of investigation w i l l  include plume 
simulation sensi t ivi ty  t o  free stream mixing parameters, multiple nozzles, mechanical 
installation methods, Reynolds number sensit ivity and two-phase eff&cts on plume im- 
pingement loads, Knowledge gained from these investigations w i l l  be used to  derive a 

LMSC/HREC TM D306631 Pretest Report for  a Plume C, Donald Andrews N/A 

- . REPORTNO.: TITLE: AUTHOR(8): DATE 
TRANSMITTED 

Technology Test Program i n  C. E, Cooper 
,the MSFC 14-inch Trisonic 
Wind Tunnel 

REwrEm 
RM 016-1 

Pretest  Report for  a Solid 
Propellant Plume Aerodyna- 
mics Test Program i n  the 
MSFC 14 x 14-inch Trisonic 
Wind Tunnel 

John E. Readon 
C a r l  I). Engel 
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APPROACH (CONCLUDED): set of simulation parameters for  use in  defining nozzles and 
t e s t  conditions for wind tunnel tes t  models, This w i l l  be accomplished through- 
analytical studies and w i n d  tunnel tes t s  i n  the MSFC 14-inch TWT and the ARC 6 x 6- 
foot wind tunnels, 
phase CFh and ha-phase hot (products of combustion) "prototypes" and air as the 
simulant 'gas. 

Basic plume simulation parameters w i l l  be investigated using single 

STATUS: Technical Progress -- A t e s t  using solid prcqellant gas generators has been 
conducted in  the MSFC 14-imh "T, 
mic Studies of Space Shuttle Concepts" of th i s  RMP providing design and fabrication 
of the gas generator propellant loads. Analysis of the data from th is  test and the 
previous Air /CF4 tests i s  in progress. Additional tes t s  have been planned and conduct- 
ed i n  the MSFC l b i n c h  TWT during this  period t o  obtain base pressure data for  multiple 
nozzle, open-wake jet p l m  cases. 
program personnel. defining preliminary simulation procedures fctr use i n  Space Shuttle 
launch vehicle (SSLV) testing. 

This t e s t  was s y p x t e d .  by "Experimental Aerodpa- 

An oral  presentation was made t o  the Space Shuttle 

I Management Progress -- CoDtracts M8-29752 and NAS8-29751to Loclsheed and REMTECY were 
activated during this p e r i d .  

Conclusions -- Far the range of variables thus f a r  investigated, it appears that  a 
useable cold a i r  simulation can be obtained. 

Problems -- Because of vastly different f l o w  f ie ld  enviroments which influence vehicle 
base pressure and .forebody aerodynamics additional areas of investigation requiring 
further study have been identified. Additional tes t s  t o  acquire data for multiple- 
nozzle bases w i t h  open-w& plumes was started during th i s  reporting period. 
the remaining case, that  of kwo-rocket nozzles separated by a third body (such as exist  

' f o r  ET/SRM of Space Shuttle), w i l l  be added to  the ARC 6 x 6-foot Air/CF4 tes t s  in  
April 1974. 

I 
However, 

Causes of Problems -- See Problems 

Suggested Solutions -- See Problems 

c 

I 
i 

Forecast -- Two tests a t  ARC and one z;t MSFC w i l l  be completed. 
simulation data base w i l l  exht for base p-essures encompassing aspirati'on t o  flaw 
separation on the hady, multinozzle and multibase cases. 
t o  determine simulation required f o r  each of these cases and provided to  the Space 
Shuttle program. 
June 1974. 
pingement tes t s  or ig ina l ly  included i n  th i s  task have been deleted. 

1 results w i l l  be used t o  prcrv-ide a detailed study/test plan t o  the Space Shuttle program. 

A t  th i s  point a plume 

Analysis w i l l  be accomplished 

The next SSLV test supported by this  technology w i l l  be conducted 

HQwever, study 
Updated simulation w i l l  be provided for la ter  tes ts .  Two-phase f l o w  im- 

i 

i 

.- 
USIC - Form 3SO-1 (March 1973) 
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Aerothermodynamics 
-. ._ 

TELEPHONE: APPROVAL: b WSPONSIBLE INDIVIDUAL: 
S&E -AE RO-AT 
,John D. Warmbrod 205 453-1157 Werner K. Dahm 

I 
1. ACCOMPLISHMENTS (Mll43tDfleh Problems. NeM t6rm activities): I 

I_ TASK: 

NASA Defense Purchase Request Number H-99180A 
Arnold A i r  Force Development Center 
Arnold A i r  Force S t a t i o n ,  Tennessee 37389 

Wind Tunnel F Occupancy Time f o r  High Mach Number Shock In te r fe rence  T e s t  
on the S h u t t l e  O r b i t e r j E T  Configuration 

OBJECTTVE(S): 
orbiter/ET mated conf igu ra t ion  a t  high Mach numbers and low Reynolds numbers. 

APPROACH: Condirct a wind tunnel test program a t  AEDC VKF tunnel F t o  c o l l e c t  
in te r fe rence  hea t ing  d a t a  on t h e  ET f o r  simulated ascent  condi t ions.  
t r a n s f e r  rates w i l l .  be measured by slug calorimeters,  coaxia l  sur face  thermocouples, 
and by a phosphorescent pa in t . technique .  Test  r e s u l t s  w i l l  be obtained on t h e  ET 
f o r  the  orbiter/ET. conf igu ra t lon  a t  high Mach numbers (16, 19) and f o r  a Reynolds 
number range of .0.5 - .I5 m i l l i o n  per foot. 
documented. The test  was conducted January 21 - 30, 1974. 

Col'Iect interfelrence heating da ta  on the  ET f o r  t h e  Space Shu t t l e  

Model hea t  

A p r e t e s t  r epor t  f o r  t h i s  t es t  has been 

STATUS: Technicaf P rogres s  - Analysis of the  da t a  i s  underway 

Management Progress  - None 
Conclusions - Eone 

Problems - None _-  

TITLE: AUTWO R (1) t DATE ' e  REPORT NO.: 
TRANSMITTED 

t 
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STATUS (CONCLUDED) 

Causes of Problems - e 

W e s t e d  S'lutaons - Mone 

Forecast - N d e  

Publications - Sa- -AT-73-30, "Pretest Report for T e s t  FH-IO," 
Mwia 1- Brewer 
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PROGRESS REPORT 1 
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I - ,PAGE OF 
3. CODE 
CURPENT NO,: PRIOR NO.: 

: C E N T E R .  2. PERIOD COVERED: 

MSFC 01 10 73 31 03 74 909 -5 2- 46 908-52-46 
A. TITLE: 

I Physical Standards: 

5 RESPONSIBLE INDIVIDUAL: TELEPHBN E: 

George H. F i c h t l ,  S6cE-AtkO-YA .( 2051453-3168 
6. ACCOMPLISHMENTS (MIIestoner. Problrrns. &&tar term activities): --I__ 

II_ TASK: 
Contract N o .  NAS8-29754, T e x a s  A&M University,  Dept. of Meteorology, College S ta t ion ,  

Assessment OF Atmospheric Relationships i n  Support of Space Shut t le  Operations 

Texas 77843 

OC,' ECTIVE(S): 

and d i r ec t ion  changes, wind shear and turbulence r e l a t i v e  t o  the  in tegra ted  ground 
and i n f l i g h t  wind t o  ass i s t  in t h e  design trade-off s t a t u s  f o r  Space Shu t t l e  System 
r e l a t i v e  t o  l i f t - o f f  and ascent f l i g h t .  

E s t a b l i s h  and provide a n a l y t i c a l  models on the  r e l a t ionsh ips  between - . .  
. g ~ i f i c a n t  features,  i n  the  d e t a i l e d  ascent  design wind p r o f i l e s  including wind speed 

APPROACH: 
a function of  s p e c i f i c  atmospheric conditions with respec t  t o  the opera t iona l  con- 
s t r a i n t s  cu r ren t ly  e s t ab l i shed  f o r  the  Space Shu t t l e  System. 

To e s t a b l i s h  the phase r e l a t ionsh ips  between ground and i n f l i g h t  wind as 

STATUS: Technical Progress: 
the ana lys i s  of the  tower d a t a  received from NSSL. 
read t h e  data from eape fo r  ch.eeking purposes. 
da ta  were found t o  be fn excellent form. 

Management Progress: The cont rac tor  and the NASA t echn ica l  COR have been i n  
contact by telephone conversat ion r e l a t i v e  t o  tk management of the cont rac t .  It i s  
an t ic ipa ted  t h a t  a c a n t r a c t  review w i l l  be held a t  IEFC i n  the next repor t ing  period. 

Conclusions: The follawfng t e n t a t i v e  r e s u l t s  have been obtained from the 
NSSL data:  (1) N o  marked trends were observed i n  the  va r i ab le s  over the one-hour 
period, (2) Considerable v a r i a t i o n  was found t o  e x i s t  between successive 5-min 

E f f o r t s  during the repor t ing  period were concentrated on 
A computer program was prepared t o  

- 

No problems were encountered and the 

AUTHOR(s): ti DATE . REPORTNO.: TlTLE: 
TRANSMITTED 

Monthly Progress Reparts 
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CURRENT NOJCODE: 

pw6's55S REPORT - -  
AND L'4W&OGY OPERATING PLAN 

,A 
t" ' 

- "d?-~*&m Sheet) PAGE ? OF 3 
STA'lVS: Conclusions: f J ,  - 
v; ir iahIc  than spccd. Liz I 

and dircwtton (s imilar ''l' 

" i w e d )  mean wind profiles; wind direction tends to be more 
apparent correlation ex i s t s  between changes i n  wind speed 
profiles have dissimilar direction prof i les ) .  

Problems : None 

Cause of ProbIcr,,., - None 

during the coming period w i l l  be concerned with continued Forecast: The w t - /  

Of the NSSL datd ' + ~ t  and momentum fluxes,  and wind shear w i l l  be included. 
i n  the ana Lyses, 

t 

MSPC - ICom 350-1 (March 1973) - 
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I 

OF 3 FAG?'_ 1 

OBJECTIVE(S): 
and operat ional  a n a l y s f s  from o r b i t a f  a l t i t u d e s  down t o  the e a r t h ' s  su r f ace  over the  
e n t i r e  world. The monthly means and$variations of ipressure ,  temperature, and dens i ty  
with respec t  t o  monthly re ference  p&-iods.ars  to bk accounted f o r  i n  the  model .  The 
ob j ec t ive ( s )  w e r e  amended 7-21-73 t o  include. annuajl means and dispers ions of pressure,  
temperature, and d e n s i t y  and a derived wind model,. 

APPROACH: The MSFC 4 - D  Global Atmospheric Model Qhich gives  pressure,  temperature, and 
dens i ty  versus a l t i t u d e  0-26 km f o r  any l a t i t u l e ,  longitude and monthly reference 
periods and the  MSFC Orbi ta l  Model which g ives tdens i ty  a s  a funct ion of t i m e  and solar 
a c t i v i t y  f o r  t h a t  volume of air  a b q e  90 km ax i i tude  are connected by a modelling 
pressure,  temperature, and dens i ty  from ava i l ab le  high a l t i t u d e  rocketsonde measure- 
ments t o  form a continuous atmospheric model from o r b i t a l  a l t i t u d e s  down t o  the  earth's 
surface f o r  any month, l a t i t u d e ,  and longitude. The r e s u l t i n g  engineering model. w i l l  
be i n  the  form af a computer program f o r  e f f  
and engineering problems. The wind model is  er ived from bas i c  r e l a t ionsh ips  of mean 
pressure gradients;, i.e., the geostrop@c and t$ermal wind equations. 

Develop an engineering design model atmosphere for Space Shu t t l e  design 

c \ 

l e n t  app l i ca t ion  t o  Space Shu t t l e  design 

3 :  

I. C E N T E R :  

MSFC 

t: 

3 7 .  REPORT NO.: TETLE: AUTHOR(s): DATE 
- 

TRA%SMITTED 

Contractor 's  r e p o r t ,  "A Global Scale  Engineering 
Atmospheric Model from Surface  to  Orb i t a l  Alt i tudes,"  
Vol. 1: Technical Descr ipt ion (105P) ; 
Vol. 2: Users ManuaS and Programers Manual (205P) Jus tus ,  C.G., March 1974 

A. Woodrum, b 
R. G, Roper 

____________________~-~-----~~-~~---.-------------.-~----------------------------------- 
FIRST BENEFITTING PBDGRSW: Space S h u t t l e  

- -  
2. PERIOD COVERED: CODE 

I-_ P R I O R  NO.: 
01 10 73 31 03 74 

--- 
> &lSyONSI EL€ IN01 V I DUAL: 

Orvel E. Smith 
S&E*AERO-YT 

- A P C R ~ ~ L - -  -- nxL+- TELEPHONE: - 205 -453 -3 144 
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CURRENT NO./CODE: 

PROGRESS RE?ORT 909 -52 -46 
RESEARCH 4 *OD TECHNOLOGY O?ERATIFJG PLAN - (Continuation Sheet) PAGE 2 OF 3 

Et-"i-S: 

A1r-'r)l%h t h e  0bjel-l ives are m e t  f o r  t h i s  e f f o r t ,  there  is  much work needed t o  make 
im~'-vernents i n  tfra model, 
VaY,lhle, Pressur'-'., temperature, and dens i ty  dispers ions need t o  agree with known 
phy' ;ea1 relatiofi:;j,Lps as described the the  hydros ta t ic  equation and the  equation 
Of '":ate. A fQllrW-on effort is  planned f o r  this much needed improvement. 

T""'3XAL PROGRES>f The modelling of t he  atmospheric parameters, pressure,  tempera- 
turc - 

The computer 
pr'''am will be =lMked out in November a t  the  MSFC computer f a c i l i t i e s .  

The Comtf&rtor*s r e p o r t s  l i s t e d  on page 1 w i l l  be issued as a NASA pui.;*- leation for  b/%qder d i s t r i b u t i o n  t o  assure  grea te r  use of t h i s  atmospheric model. 

For example, the  in t e rna l  consis tencies  between the  

and h s  been completed and most work f o r  t h e  wind model. 

pRo!:,m ; None 

I' 
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RESEARCH AND NOLOGY OPERATING PLAN 

Environmental QuafLEy 

S m C T O R :  Headquarters, U. S . Air Force U.S. Dept. of Commerce 
Comptroller Office NOAA 
Arnold Air Force Development Center Boulde r Color ado 
Arnold Air Force Station, Tennessee 

%hRACT NO: H-2528B H- 92 170A 

EZCTIVES: TASK I. 
mL% the ohemical composition and physical characteristics of the exhaust ground cloud 
ba:ed on analytical dam and perform controlled chamber tests by burning small rocket 
moJbrs. 
esf&cially hydrogen ch’Basa:ide, aluminum oxide, carbon compounds, etc. 

Physical and Chemical Characteristics of Engine Exhaust - Deter 

Use special semsor/sampler devices to measure so l id  rocket exhaust constituents 

TASK 11. Study physical and chemical characteristics of the reactions 
thyZ take place when tbe rocket exhaust mixes with atmospheric air and moisture. 

IMieially, a literature search will be conducted to determine 

pleted to determine best methods to measure the chemistry 
en completed, if any, on this and related work. An indepth 

estigation wi 
the rocket effluents, Establish test procedures to burn small scale rocket motors 
raw prepellant in camtrolled environments. 

r a l  monthly progpss Lettem have been received. 

9T BENEFITTING ERO Space Shuttle 

W: Additional. 
jiroducts is antic 
k is 502-24-80 an r DCN 1-4-75-40035. 

on the study of the chemistry of solid engine exhaust 
under a planned extension to this effort. The program 
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PROGRESS RErO 909-52-47 
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(Continuation Sheet) PAGE 2 -OF 3 

,PPROACH TO TASK If. 
oncern i s  t o  be placed on the  chemistry of  exhaust ground and surface plume 
ihenomena , 

This e f f o r t  w i l l  be a follow-on of Task I i n  t h a t  pa r t i cu la r  

;TATUS: D r .  Ron Dawbarn, p r inc ip l e  inves t iga tor  of t h i s  e f f o r t ,  recent ly  received 
he small s c a l e  rocket  motors from JPL. 
.n the 1 2 V  chamber the  second week of A p r i l .  The chamber w i l l  be avai lable  24 hours 
I day but the expediency t o  which the tests w i l l  be conducted w i l l  depend on wash down 
!rying, and reinstrumenting t h e  chamber. 
o l i d  rocket exhaust ma te r i a l s  i s  t o  be done by aerosol  bubblers,  ca lor imet r ic  sensors ,  
[C l  ph de t ec to r s ,  nuc le i  counters ,  pa r t i cu la t e  impactors, "scotch-tape" impactors, 
ind possibly o the r  devices.  
Iersonnel w i l l  p a r t i c i p a t e  i n  the  chamber t e s t s  as  coordination i s  continuing between 
he two groups on this matter .  . 

They plan t o  begin f i r i n g  the rockets  

Sampling of the gaseous and pa r t i cu la t e  

It i s  very l i k e l y  t h a t  the  Langley Research Center 

The AEDC people a r e  coordinating c lose ly  with the IIT Research I n s t i t u t e  
ieople working on the "Atmospheric Scavenging of Hydrochloric Acid" contract  i n  ozder 
.o continue t h e i r  c ros s  exchange of information on t h i s  work. 
o conduct a f e w  small s ca l e  open f i e l d  propel lant  burn t e s t s  t o  check out various 
iystems. 

The AEDC people plan 

This approach w i l l  save time i n  t h a t  they w i l l  not have t o  c lean  the chamber. 

I 
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s a l t  L a b  City ,  Utah 84109 
Contrace Bo: NA58-29033 

U n i v e r s f t y  of Michigan 
Space P h p i c s  Research Laboratory 
Ann Arbor, Michigan 48105 
co rb t: r a ceem No : NAS 8 - 28 29 4 

OBJECTIVES: Y~[I;~IC I: 
Current MSFC ~ ( t  I i.1. layer Diffusion Models r e f l e c t  t he  s ta te -of - the-ar t  i n  d i f f u s i o n  
t ranspor t  knowIc*(l&c; 
more accurately i~t+?iess tk effect of physical deple t ion  f a c t o r s  on the t ranspor t  and 
d i f fus ion  of ntacc!riuB h the  atmosphere. 

of H 0 and H C ~ ;  ~nudek the a f t e r b u r n  of H 

APPROACH: Task yL 
l a t e s t  t&chnic:ll tlppra@ches to zmmmt fo r  removal o f  mater ia l  from the rocket by 

Update and r e f i n e  the  MSFC Multi layer Diffusion Program. 

eve r ,  updating and refinement of the models a re  needed t o  
I 

Tlit3(C 11:: Study the behavior of aluminum oxide p a r t i c l e s  i n  the  presence 
and CO. 

2 2 

rove the MSFC Multilayer Diffusion Model by incorporating the  

p rec ip i t a t ion ,  f i 1 ~ i ~ V ~  ona l  s e t t l i n g ,  and o ther  deple t ion  f a c t o r s .  Incorporate the 
knowledge ga Lnrd Cro Include ava i l ab le  up-to-date SA and USAF sampling programs. 

LCQele Of t r a n s p o r t  modeliny. 
TITLE: AUTHOR(5): DATE 

TRANSMITTED 
?m space. 5 h u t t  le Environmenta 1 D. H. Stedman 

Impace Study; Interim Report R.  S .  S t o l a r s k i  
R. J. Cicerone 
J. K. Williams 



Y i  
. I '  

b 

I 1 
I 

172 

CURRENT NO./CO&: 

909-52-47 PROGRESS REPORT 
RESEARCH. AND TECHNOLOGY OPERATING PLAN 

fromunuarion Sheet) ?AGE 7 OF 3 
T;Jsk 11: Analyze A 1  0 p a r t i c l e s  for  t h e i r  s i z e ,  shape, and r e f r a c t i v e  index. 

2 3  
Model ttic! i t f t c r b u r n d  H 
input to ttic g r o d  cxh4ust cloud. 

STAllJS: 
data from rawinsonde runs and automatically ca lcu la tes  and prepares input  data  decks 
for use with  the MSFC Mult i layer  Diffusion Model. Data from November 1973 and 
February 1974, iaunches of Ti tan  111 C were analyzed; on the bas i s  of observat ional  
da t a ,  the MSFC Mult i layer  Diffusion Model was modified t o  more c lose ly  agree with 
measurements. Operat ional  computer programs were developed t o  provide real-t ime 
predictions of rocke t  exhaust  by-product concentrations.  
t o  a portable dedicated c a l c u l a t o r .  

compounds a re  completely consumed i n  the afterbugn t o  H20 and GO2, whereas H C l  
remains as-HCl. and does not become oxidized t o  C 1  There remains s o m e  uncertainty 
i n  regard t o  no formation and freezing; however, an absolute upper l i m i t  value has 
been es tab l i shed ,  S tudies  of possible  chemical react ions between alumina, hydrogcn 
chlor ide and water i n d i c a t e  that i f  the cloud cons i s t s  pr imari ly  of alpha phase 
alumina there i s  probably l i t t l e  po ten t i a l  chemical r eac t ion  with HC1 and water; 
hence, the cloud could be considered "wet" with acid and unreacted alumina. On the 
other  hand, i f  the molton alumina ca lc ines  a t  an e f f e c t i v e  temperature i n  the 
metastable phase range t h e r e  is good poten t ia l  for  the formation of an alumina-acid 
complex. Thus, the effective pharre of the alumina present i n  the ground cloud must 
be determined before  e s t ima tes  of absorption of water and ac id  can be made. 

and CO t o  provide quant i ta t ive  est imates  of the heat 

TASK I: A computer program was developed which accepts meteorological 

These programs were t a i lo red  

TASK 11: Studies  of t h e  af terburn of H and CO leave no doubt t h a t  these 

2' 

t 

- - -  

y_ . .I 
dSFC - Fonn 350-1 (March 1973) 
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PROGRESS REPORT 

I. C‘CNIEH: 
PAGE 1 OF - 3 

RESEARCH AND TECHNOLOGY OPERATING PLAN 

2. PERIOO COVERED: 3. CODE - }PRIOR NO.: CURRENT NO.: 

YSFC __ .- -- -- --- 
I. I I l L l - ’  

I5nvi.roitnic.ntaI Qualit y 

__ ------- ,. R f  51’ONSIBCE INDIVIDUAL: 

John W. Kaufrna 
,. ACCorJIPLlSHMENTS-(~ilestonor. Probtems. Ne 

- 01 10 73 31 03 74 1909-52-47 

TELEPHONE: 

453-3159 
term activities): 

TASK: 
EREICTOR: IIT Research Institute 

Atrnosphefic Scavenging c i Hydrochloric Aci$ 

10 W e s t  35th Street 
Chicago, Illinois 60616 

CONTRACT NO: NAS8-29668 

OBJECTIVE: To study hydrochloric acid reaction and combination processes with water 
vapor, sodium chloride, aluminum oxide, and various otherdements and compounds 
emitted in the exhaust of solid rocket motors. Conduct laboratory studies to deter- 
mine the degree that hydrochloric acid will be leached out of stabilized solid 
rocket engine exhaust clouds by rain. 

APPROACH: Make a thorough review of past research on rain scavenging of aerospace 
engine exhaust by-products and other particulates emitted into the atmosphere. 
Conduct controlled environmental chamber tests to determine the degree of scavenging 
of HC1, A1203, COY GO2, and other materials by water vapor and droplets. Chemically 
analyze the gases, particulates, and moisture to assess the reactions, recombinations, 
acidity, and phystcal characteristics to lead to a proper determination of rain 
scavenging coeffients to use in available atmospheric diffusion models. 

STATUS: This contract was to be performed within an eight month period beginning 
on June 4, 1973 and terminating on February 4 ,  1974. The contract has officially been 
extended for a two month period, a t  no cost to the’government. The contractor requested 
this extension to fulfill contractual expectations. 

Seven monthly progress reports and several other correspondence and 
meetings have been accomplished to date. 

I 

r .  REPORT NO.: TtTLE: AUTHOR(%): DATE T8 ANSM I TTE D 

REMARKS: Additional work on atmospheric scavenging of hydrochloric acid is expected 
to commence as documented in DCN 1-4-75-40041. This is planned to be a six month 
ef fort  with IIT Research Institute. 

e-- MSFC- Form360 (March 1 9 7 5 )  
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S*J>ATUS: (cont inued)  

LIT Rcsearch I n s t i t u t e  p&.rsQinnpl r e s p o n s i b l e  f o r  t h e  work have begun f i r i n g  small  
rocke t  motors i n  t h e i r  5.5 m (18 f t )  diameter  chamber a s  planned. 
~ e s t s  w i l l  be a v a i l a b l e  i n  the n e a r  f u t u r e .  
the exhaust  c loud  show a f a i r  amount of hydrogen c h l o r i d e  abso rp t ion .  I n  one t e s t  

t h a t  were sampled by o p t i c a l  microscope and o t h e r  techniques showed p a r t i c l e  s i z e  
range compares w e l l  w i t h  e a r l i e r  testsmade from burns of sma l l  r o c k e t s  a t  JPL. 

fie Davis Model HCI monitor and bubbler  s a m p l e r  methods t o  d e t e c t  HC1 seem to be q u i t e  
f avorab le .  V i s u a l  means t o  look  a t  o r  photograph t h e  r o c k e t  f i r i n g  e v e n t s  i n  t h e  
chamber f a i l e d  due t o  the dense  wh i t e  cloud t h a t  i s  formed a s  t h e  r o c k e t  burns. In 
another i n t e r e s t i n g  chamber test it was found t h a t  a ” w e t  wall’’  chamber absorbed the 
JC1 gas  about 5.0  t 5 m e s  f a s t e r  t h a n  t h e  ”dry w a l l ”  chamber. From these  p re l imina ry  
chamber t e s t s ,  a g r e a t  d e a l  of information i s  being gained on water scavenging of  
H C ~ ,  A 1  0 C 0 2 ,  CO, and other by-products o f  s o l i d  r o c k e t  exhaus t s .  Such information 
should z d a ’ s i g n i f i c a n t l y  t o  improving t h e  MSFC Mul t i l aye r  D i f fus ion  Model which t r e a t s  
ambient p r e c i p i t a t i o n  scavenging as  i s  t h e  i n t e n t  of t h i s  work. F i n a l  r e s u l t s  
w i l l  be documented and s e n t  Eo t h i s  d i v i s i o n  f o r  review and approval  i n  t h e  near 
f u t u r e .  

R e s u l t s  of t h e s e  
Water d r o p l e t s  induced t o  f a l l  through 

ph v a l u e  of  t h e  w a t e r  w e n t  from 7 .0  ( n e u t r a l )  t o  1.53. Aluminum oxide p a r t i c l e s  

._ 

... _--- 
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PROGRESS REPORT 
9 TECHNOLQGY OPERATING PLAN 

PAQE 1 OF 2 
cr N T E R :  2. PERIOD COVERED: 3. CODE 

CURRENT NO.: PRIOR NO.: 

%3 YC 01 io 73 31 03 74 909-54-05 -- 
T I ' I L t .  

Slectrical Power 
. -- 
i<t SPrJt45I BLE I NDI V I OWL: TELEPHONE: APPROVAL. 

W. Angele ierndon, R, H. 203-453-1508 
ACCC>MPLISHMENTS ( tones. Problems. Near term activities): 

rASK: 
In-House & NASS-3 87 Astro-Space Laboratories, Inc., Huntsville, AL 35806 (Note *) 
3BJECTXVE: The nrafm objective of thds RTOP is to provide technology (methods, tech- 
niques, procedures, tools and equipment) for the fabrication of flat conductor cable 
(FCC) systems which could be used for future manned or unmanned missions. This specific 
task is for the development of an FCC connector body and will include the investigation 
and processing of warious molding and potting materials (materials that will be abrasion 
resistant and meet the necessary requirements in MIL-C-55544A for space environment). 

DevelopmraE of Flat Conductor Cable Connector Body 

APPROACH: A larger Ln-house effort and a supporting contract are being utilized for this 
task. The in-house effort will include the investigation of various molding and potting 
naterials, materia3 selection rand tests, preliminary design of connector body, prototype 
fabrication and t e s t s ,  connector assembly and specifications, The contractor will use 
the recommended msbiing and potting materials, MSFC tooling drawings and MSFC connector 
design drawings dtxing his performance of the contract. 
performed in phases:: 
MSFC for final sehction). Phase II - Connector Manufacture and Assembly Tooling 
(Design and manufacture or prucure the tooling required for producing connector parts 
and for connector receptacle assembly). 
Tooling (Deliver Eiednation tooling and cable-to-plug assemblies). Phase IV - Manu- 
facture and Assembty of Coanector Receptacles (After acceptance testing is completed and 
approved, deliver zequfred connector receptacles in three sizes - 1.0, 1.5 and 2.0 inch) 

The contractual work will be 
P h a s e  1 - Materfal Selection and Value Analysis (Submission to 

Phase 111 - 1.5 inch FCC Plug Termhation 

_.- 

DATE 
TRANSMITTED 

. REPORTNO.: TITLE: AUTHOR(s): 

Monthly Progress ort (August 16 through September 16, 1973), "Flat Conductor Cable 
Connectors", BasiE W, Wheeler, (Note *) 
(Last Monthly ProgHess Report Received) 
Monthly Progress Repart (February 1 through February 28, 1974), ''Flat Conductor Cable 
Connectors", Basi l  WbJ, Wheeler. (Note *) 

(Note * - Contract: %!&4S8-3028? contains a Scope of Work for both the Development of 
FCC Connector Bo and the Fc6 Connector Spring Contacts Development) 
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RESEARCH AN --- 

PAGE 2 OF 2 (&ncinu8tion Sheet) 

TASK: Electrical Power 

STATUS: Technfcal Progress: 

In-House - The selection and testing of macerials were completed. A glass filled 
epoxy material and a moldable polyimide material were selected for further evaluation. 
A preliminary design of the connector body was completed and discussed with the con- 
tractor. Materials, test data and pertinent information supporting the selection of 
materials were reviewed in accordance with the contract. 

Contract - The followbg progress was reported by the contractor for the period 
ending February 28, 1974: (1) Assembly tooling for both FCC to FCC and PCC to round 
conductor cable (RCC) Receptacle Assembly has been completely designed and is now being 
fabricated. (2) Molds for the seals were completed and are being produced. (3) The 
blanking and forming dies were completed and are being produced. 
for Shell 95M205.08-1 and -5 were completed; samples were made from the dies, inspected, 
and presented to MSFC for approval. 
out of tolerance. 
production will begin. 
(6) Silk Screen fixtures have been built for all three sizes of shells and plugs. 

( 4 )  The die cast die 

One dimension (the flange holes) were found to be 
This discrepancy is being corrected in the die. Once corrected, 

(5) Molds for inserts and plugs are about 50% complete. 

Management Progress: 
May 31, 1974 (original completion date was April 16, 1974). 

After design changes were made, the contract was extended to 

Conclusions: None 

Problems: No mafor problems at this time. 

Forecast: 
dates: Phase I - September 27, 1973, Phase I1 - April 15, 1974, Phase 111 - April 30, 
1974, and Phase .. May 31, 1974. The in-house effort is expected to be completed in 
June 1975. 

The four phases of the contract should be completed on the delivery schedule 

t 

I. - --- ASPC - Form 350-1 (March lW3) 
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Electrical Power 

. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

205-453-1508 W. Angele Herndon, K. H. 

rASK: 
In-House 

. ACCOMPLlSHMENTS (Milestone& Problems. Near term actlvitler): 

Development of Shielded F l a t  Conductor Cable 

OBJECTIVE: The major objective of this effort is Co provide technology (methods, tech- 
Riques, procedures, tools and equipment) for the fabrication of shielded flat conductor 
cable (FCC) systems which would effectively shield against RFI and EM1 in applications 
ghere these interferences pose a problem in future ananned and unmanned missions. 

QPRQACH: To meet the objective, in-house work must include preparation (stripping) of 
the cable ends for reliable and inexpensive termination, testing, electrical character- 
lstic measurements, termination hardware and process development, establishment of 
specifications, and engineering application studies. This effort is being accomplished 
ln five phases: (1) Development of an effectively shielded FCC which can be reliably 
and inexpensively terminated, (21 Testing and evaluation of prototype cables, (3) Devel- 
opment of processes and termination hardware, (4) Fabrication of prototype cables for 
engineering application studies, and (5) Prepare final report and documentation. 

STATUS: Technical Progress: Basically, two types of shielded FCC have been developed: 
(a) An insulated copper foil laminated to the outer surface of the FCC. 
reduces the flexibility of the cable and presents a problem in stripping and termination 
of the cable. 
tie down of the shield at intervals along the length of the cable and care in handling 
to prevent damage to the shield. Stripping 2nd termination is also a problem. A 
supplier is being sought for a 4 02. copper foil with a 1 m i l  Kapton film bonded on one 
side using a chemically strippable adhesive with a heat resistance sufficient to with- 

No formal in-house report has been issued. 
the Weekly Notes. 

This method 

(b) A loose overlay of an insulated copper foil. This method requires a 

. REPORTNO.: TITLE: AUTHOR(s1: DATE 
TrOANSMlTTED 

In-house accomplishments are reported in 

FIRST BENEFITTING PRCUECT: Space Shuttle, Tug or Space,Systems 
MSFC- Form 3 6 0  (h2arch 1 9 7 8 )  

- 
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(antinuation Sheet) 
PAGE 2 OF 2 

TASK: Development d Shielded Flat Conductor Cable 

STATUS: Technical Progress: (Continued) 

stand the laminating temperature of Kapton/FEP insulated FCC ( 2 8 O O C ) .  
working on this type of shielding and has promised to send samples for in-house t e s t s  
and evaluation. A sting program is being performed on prototype shielded FCC that is 1 

being developed in- ' 

One supplier is 

se. A test plan has been formulated and is being used to compare 
the RFI/EMI characteristics of the developed shielded FCC with that of-shielded round 
wire cable. 

Management Progress: 
allocation and with no Advanced Development FY-74 approved funding. 

Work continues on this in-house effort under a restricted manpower 

problem: The malor problem which exists in the development of shielded FCC is still in 
the area of stripping and termination. 

Cause of Problem: This cable may 
be stripped quickly, easily and economically using a stripping tool with a sharp steel 
blade which cuts through the Kapton and into, but not through, the FEP and stripping 
both away in one quick stroke. When an insulated 0 2 .  soft copper foil is added to 
this construction, stripping becomes a major problem. The shield insulation and ad- 
hesive must be removed leaving the foi l  intact. The adhesive bonding the foil to the 
FCC, the FCC insulatkvn film and its adhesive must also be removed. At the present 
time this operation 5s 'slow, tedious and quite expensive. 

basic FCC construction is Kapton/FEP insulated. 

Suggested Solution: 
with a 1 mil Kapton film laminated to the foil using a chemically strippable adhesive 
having a hear resistance capable of withstanding the laminating temperature of Kapton/ 
FEP insulated FCC. Zhis composite would then be laminated to the FCC during fabrication 
in a single operation. The fo i l  insulation film and its adhesive could be remved 
chemically, the foil folded back and the Kapton/FEP removed with the cold blade stripper 
in the same manner as an unshielded cable is presently stripped. 

Forecast: In-house work for Phase I should be completed in October 1974. This task 
should be completed da June 1975 with the delivery of the Final Report. 

Locate a source for a % 02. soft copper foil insulated on one side 

% 

.-.C.. - XSPC - Form 350-1 (March 1973) 
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PROGRESS R E f b R T  I 
PAGE 1 OF 2 

RESEARCH AND TECHNOLOGY OPERATING PLAN 

2. PERIOD COVERED: 3. CODE 1. CENTER: 

MSFC 01 10 73 31 03 74 909-5 4-05 
4. IIILF.: 

- CURRENT NO.: PRIOR NO.: 

I_---. 

Electrical Power 
5. RESPONSI8LE INDIVIDUAL: TELEPHONE: APPROVAL: 

W. Angele Herndon, R. H,, 205-453- 1508 
6. ACCOMPLISHMENTS (MIIesZ~ner. Problems. Neal term aCtlVitlS)':  

TASK: 
In-House & NAS8-30287 Astro-Space Laboratories, Inc., Huntsville, AL 35806 (Note *) 

Plat Conductor Cable Connector Spring Contacts Development 

OBJECTIVE: The oajor objective of this RTOP is to provide technology (methods, tech- 
niques, procedures, tools and equipment) for the fabrication of flat conductor cable 
(FCC) systems which could be used for future manned or unmanned missions. 
task fs'for the FCC connector spring contacts development and will include the investi- 
gation, analysis and development of spring contacts (BeCu spring investigation, failure 
analysis, fatigue, redundant contacts, etc.) . 

This specific 

APPRQACK: An in-house effort and a supporting contract are being utilized for this task, 
The in-house effort will include the configuration and materials study, preliminary 
design of contacts, prototype fabrication and tests and specifications. The contractor 
will use the recommeaded MSFC drawings for a redundant connector contact, MSFC tooling 
drawings and MSFC connector design drawings during his performance of the contract. 
contractual work will be performed in phases: Phase I - Evaluation of redundant vs 
single contacts. Phase 11 - Tooling Design for Connector Parts. Phase XI1 - Contact 
Manufacture and T e s t s ,  Phase IV - Manufacture, Assembly and Delivery of Connectors 
with drawings and specifications. 

The 

STATUS : Technical. Progress: 

In-House - Prototype redundant Beryllium Copper spring contacts have been fabricate< 
and tested. This design was used to initiate a procurement request for the fabrication 

7. REPORT NO.: TITLE: AUTHOR@): DATE 
TRANSMITTED 

Monthly Progress Report (August 16 through September 16, 1973), "Flat Conbctor Cable 
Connectors", Basil W, Wheeler, (Note*) 

(Last Monthly Progress Report Received) 
Monthly Progress, Reporl: (February 1 through February 28, 1974), "Flat Conductor Cable 
Connectors", Basil W, Wheeler. (Note *) 
(Note * - Contract WS-30287  contains a Scope of Work for both the FCC Connector Spring 
Contacts Development azid the Development of FCC Connector Body) 

FIRST BENEFITTING PRCUECT: Space Shuttle, Tug or Space Systems 
0 -  

MSFC-Form860 (March 1 9 7 8 )  
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(Continuation Sheet) 
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TASK: 

STATUS: Technical Progress: (Continued) 

Flat Conductor Cable Connector Spring Contacts Development 

of a small production quantity of redundant contacts for evaluation tests and use by 
the contractor. 
atudy, preliminary design of contacts, prototype fabrication and tests-. 

In-house effort has been expended on the configuration and materials 

Contract - The following progress was reported by the contractor for the period 
ending February 28, 1974: (1) Material for chem milling all contacts has been sent to 
the subcontractor for production of contacts (in the flat state). 
Space Laboratories is expected by April 2, 1974. Forming dies for all contacts are 
about 857. complete. ( 2 )  Spot weld fixture for contacts has been designed and is now 
in work. 

Delivery to Astro- 

Management Progress: 
Hay 31, 1974 Cori-giual completion date was April 16, 1974). 

After design changes were made, the contract was extended to 

Conclusions: lone 

Problems : None 

Forecast: The four phases of the contract should be completed on the delivery schedule 
dates: Phase f - September 27, 1973, Phase I1 - February 28, 1974, Phase 111 - April 
15, 1974, and Phase IV - May 31, 1974. The in-house effort is expected to be completed 
in June 1975. 

--- 
MSFC - Form 350-1 (March f973) 
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PROGRESS REPORT 

PAGE 1 OF 2 RESEARCH AND TECHNOLOGY OPERATlNG PLAN 

CENTER : 12. PERIOD COVERED: 13. CODE 
CURRENT NO.: PRIOR NO.: 

- Of 10 73 31 03 74 909-54-05 908-54-05 MS FC 
1 1  TLE: 

Electrical Power 
-_I_ 

CL c SPrJNSI BLE IN01 V I DUAL: TELEPHONE: APPROVAL: 

205-453-1508 W. Angele Herndon, R. H. 

TASK: 
In-House b.NAS8-29076 Martin Marietta Corporation, Orlando, Florida 32805 

ACCOMPLISHMENTS (Milestone%. Problems. Near term activitles): 

Development of High Temperature Flat Conductor Cable 

OBJECTIVE: To continue in-house development and utilize a supporting contract for the 
design, development and testing of high temperature flat conductor cable (PCC). The 
contract effort shall Snclude the design, fabrication, test and delivery of 3080 feet 
each of two sizes of hfgh temperature (-65OC to 35OoC) flat conductor cable having pre- 
insulated conductors. 
documented as part of the contract, The in-house effort will include testing, electri- 
cal characteristic measurements, termination hardware and process development, establish. 
nene of specifications and engineering application studies. 

APPROACH: The contractual effort will be accomplished in two phases: Phase P - A pro- 
totype FCC using the selected materials and manufacturing method will be fabricated and 
evaluated to determine if the contract requirements are met and if the strfpping method 
proposed and used is satisfactory. At least 30 feet of continuous FCG will be forwarded 
for evaluation which wk3.1 be made simultaneously by the contractor and WFC, Phase 2 - 
After the results of the tests have been evaluated and approved by MSFC, the fabrication 
and production of 3000 feet of each size of FCC will then begin. 
continue until the objective is accomplished. 

A process and procedure for stripping shall be developed and 

In-house effort will 

STATUS: Technical Progress: After preliminary test and evaluation of various films, 
adhesives and constructdon processes; two methods of developing a high temperature FCC 
were considered, The ffrst method was to prewrap the individual conductors by using 

. REPORTNO.: TITLE: AUTHOR(r1: DATE 
TRANSMITTED 

Monthly Letter Report No. 14, "Design, Development, Fabrication and Testing of High 
Temperature Flat Conductor Cable'', Walter S. Rigling, 20 September 1973. 

(Last Monthly Report Received) 
Monthly Technical and Ffnancial Report, 1 February through 28 February 1974, "Design, 
Development, Fabricaticm and Testing of High Temperature Flat Conductor Cable", Walter 
S. Rigling. 
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CURRENT NO./CODE: 

909-S4-05 PROGRESS RE 
RESEARCH AND TECHNOLOGY WERATING PLAN 

(Gntinureion Sbeet) 
PAGE 2 OF 2 ! 

TASK: Dcvklopment of High TemperatuFe Plat Conductor a b l e  I 

-- t;ThTU!;: Tschnlcrl' Progrearln: (Continued) 

polyimide f i l m  coated with FEP adhesive On both sides and overcoating with e liquid 
! polyimide. 

polyimide (Kapton) film coated with polyfdde (Kerimid) adhesive. The second method I 

i 
fabrication costs, better sarippable characteristics and more compactness. Thirty feet 
of prototype high temperacure (HT) FCC of the 3 conductor and of the 25 conductor sizes 
were delivered far evaluagion and approval. After the results of the tests have been 
evaluated and approved by FC, the fabrication and production of 3000 feet of each 
size of HT FCC w t l l f  then begin. 

mnagement Progress: 
and prototypes, Cbntract NAS.8-29076 was extended to August 24, 1974. 

Conclusions: 
coated with Keriaiid adhesive can be successfully laminated. 

The second metlhod was to laminate the conductors between two layers of 

was chosen because a FCC of this construction offered higher heat resistance, lower 

h 

Becatrtse of development problems and long delivery of materials 

Joinc in-house and contractual efforts have shown that the Kapton films 

Problems: 
prototype cable has successfully passed all tests and a 8umWWy report is befng written. 
Post curing of this cable laas resulted in the appearance of small bubbles in the 
adhesive layer adjacent to zhe conductor. 
attempt to eliminate these bubbles, however, there appears to be no way to completely 
avoid the evoluthn of ra 
bubbles occur on as average of less thaq one per centimeter, they do not Interlock and 
have no effect on stripping, moisture pick UP Or electrical properties. 
be detected using,unaided wpision under ideal lighting conditions, actual obsewarion 
must be done at gxeater than 7 X .  
less frequent than: those in the 30 foot prototype cable previously delivered to MSFC." 

The caarractor bras reported the following minor problem: "The 3 conductor 

Exhaustive testing has been undertaken in an 

y dispersed 1 mm diameter and smaller bubbles. The 

Niile they can 

It should be rioted that these bubbles are smaller and 

Forecast: 
complete Phase 2 in, August L974. 

The comractor -1eted Phase 1 Of the contract i n  January 1974 and should 
Xn-house effort should be camgleted in June 1975. 

I 

MSPC - Form 350-1 (March 1973p 
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_----.*-* Marshall - Space Flight Center 01 20 73 - 32 03 74 909 -54 -07 
D. ( I T L E I  

Communications 
_.-- 

,. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

TASK: Advanced Crew / C omputer Communications Techniques - 
NAS8-25701 McDonnell D fas  Astronautics Company 

Huntington Beach, CA 92647 

OB JECTIVE(S): 
communications between matn and computer. Develop, implement and demonstrate 
operational crew/c;omputer communications systems. 
unique programmable command keyboard and display (PKD)  terminal, structured 
vocabulary and software. 

APPROACH: Part.I - Definition and development of a crew/computer communi- 

Develop techniques, me thods and system requirements for effective 

These demonstrations utilize a 

ca9;ions system. 

Pbse  A. Formulation of crew/computer communications 
system requirements. 

Phase B. Requirements specification for  crew/eomputer 
_.- ,_ communications system major components and 

techniques / 

. REPORTNO.: TITLES AUTXOR(r); t DATE 
TRANSMITTED 

MDC G5312 Crew/Compxz&er Communications R. Joslyn February 1974 
- Stu&~ - FinalRaport ,  Volumes G. Montoya 

1 d I I ,  

MDC G4829 Design and Performance of a Large 
Vaczbulary Discrete Word Recog - 
ni&ibxz System, Volumes I and I1 ' 

November 1973 

BE-lMbnthly Technical Progress  
R W  
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Phase C. Implementation and demonstration of operational 
crew/computer communications systems. 

Part I1 - Development of crew/computer communications system 
using Bpeech recognition. 

Phase A. Development and demonstration of 25-word Word 
Recognition System (WRS). 

Phase B. Development and delivery of 100-word WRS. 

Phase C. Integration of WRS with operational ground 
computer system. 

Phase D. htegrat ion of WRS with operational on-board 
. computer system. 

Pa r t  I11 - Development of crew/computer communication system 
requirements and techniques for specific applications. 

Phase A. Development and demonstration of crew/computer 
communication techniques and system for spacecraft 
experiment performance. 

Phase B. Development and demonstration of crew/computer 
communication techniques and system for ground 
checkcrut and launch system. 

sfrATUS: Part I - All phases have been completed. 

Part If - Phase A and Phase B of Pa r t  I1 a r e  complete. 
D were not funded under this RTOP. 

Phase C and 
'L 

Part III- Phase A, the ClCC system for experiment applications, is 
complete. Phase B was not funded under this RTOP. 

This is the final progress report under this RTOP. 

I' 
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'acturlng and Inspection ml - 
5. RESPONJL 

= I NO( V I  DUAL: TELEPHOWE: APPROVAL: 

W. Angele - 205-453-0120 Splawa 
i. L. 

-:'io;>ment of Simulation Techniques and Capabilities 

6. ACCOMPL,- 
ENTS (p4llestonm, Problems. Near tOrm aCtlWllaS): 

TASK: Dc 
In-House 

oBJECTXQ* 
simu la tic- 
forming 
greater t: 

me major objective of this effort is directed toward the development of 
T+pmnt and techniques and improvement of sistulatioe techciques for per- 

'" .:neering studies and evaluations in a simulated zero gravity environment with 
iiciency -and safety. 

APPRQACH: 
simultanc. 
c equi re- I 

gat ion aEt.&, 
zero grav:. 
techn i q w  ,- 
etc. 

in-house effort is being used to develop and update this simulation equipment, 
t7ly conformfng to the current space suit configurations, simulation test 

. r i te  of space-suited subjects by utilizing different techniques, (2) investi- 

. y  conditions of space, and (3) developlrrent of other underwater simulation 

and test hardware design. This effort includes work for (1) measurement of 

4evelopment of large mass handling (maneuvering) techniques for the simulated 

for free-flying platforms, rendezvous and docking, solar lighting conditions, 

- jTATUS: "-bnical Progress: The following in-house work is being performed: (1) Three 
technique& 
late. Thc 
neasuremeil, 
=ing peri 
Cf fort is 
inve s ti ga t 

s t e  being investigated for their application to the Measurement of Metabolic 
Lyeart-Rate/Respiration Method has been perfected. 
9 have been made and work is being conducted to perfect this method. Work is 

;rmed on the Gas Analysis Method and the computer software is now available. 
%kng expended to select a suitable oxygen sensor. 

r.tn and developraent of Large Mass Handling Unfts to move underwater objects 

Thermal Output Method 

(2) Work continues on &he 

REPORT N O .  
TITLE8 AUTHOR(s): DATE 

TRANSMITTED 0 formal # *!-house report has been issued. 
s i  and in news releases to the Press, Radio and Television. Information is 
f n the Skylab Technical Crew Debriefing. 

In-house accomplishments are reported in the eekly Not' 
ISO given 
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'ASK: Development of Simulation Techniques and Capabilities 

,TATUS: - Technical Progress: (Continued) 

rhich will simulate typic81 Space Shuttle Payloads. (3) Work is being performed to add 
wnote (radio transmission) controls to the Free-Flying Platforms to eliminate drag and 
.estriction to free zaoveaent, Sirmulation techniques for Rendezvous and Docking should 
re completed in FY-75. 
ota t  illumination of spacecraft (such as Skylab) has been performed on the Skylab 
reu t ra 1 Bouyancy Hockup. 

Techniques for Solar Lighting conditions which would simulate 

[anagement Progress: 
taintain this capability for neutral bouyancy simulation. 

:onclusions: This improved effectiveness and safety of space simulation testing has 
*esu.lted*in allowing a greater number of astronauts, designers and engineers to gain 
iirst-hand information and training with regard to man/machine problems by actually 
,erforming tasks i n  space stwlations. 

Additional funds and manpower allocation have been requested to 

%oblems : Pone 

'orecast: 
)een completed. 
:ompleted their Neutral Buoyancy Training on October 10, 1973 and the backup crew 
:Astronauts Yance Brand, Don Lind and William Lenoir) completed their training on 
lctober 12, 1973. 

This fn-house effort should continue until all simulation requirements have 
Skylab 4 crewmen (Astronauts Gerald Carr, Ed Gibson and William Pogue) 

---... C - 
5SFC - Form 350-1 (Merch 1973) 
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. CENTER: 

I. TITLE: 

,tcturing Inspection Manu i- 
,OIVIOUAL: TELEPHONE: APPROVAL: 

1. RESPONSISLE 1’ 

Hankins, J D. 205-453-4877 W. Angele 
.4TS (Mllestones, Problems. Near taran actlvltler): 

i. ACCONIPLISH~A~ ,pent of FabrZcation Technology for Electronic Circuitry Components TASK: Devel., 
In-Hous e 

OBJECTIVE : 
circuitry cc- 
process appl 
both flight 

-J:S continue development efforts on fabrication technology for electronic 

,*cable to two or amre planes of circuitry for printed wiring boards used in 
,orients w h i c h  would bmclude the development of a plated through-hole 

ad ground plypport equdpment circuitry. 

e approach taken included the investigation and evaluation of various incre. 
APPROACH: 
mental aspee’. ’“ ys of electronic cfrcuitry fabrication. 

,-mica1 Progress: 
,hporting period. DPiring the past reporting periods, in-house metallurgical 

the first thermal shock samples were completed, additional tests performed 
Le8 were elimtnated €Tom contention after the first thermal shock exposure. 

AvaUable manpower was utilized on higher priority work STATUS: Tee 
during this 1 

evaluation 0” 

and some savy’ 

ogress: Since no m e r  or funding was allocated for this task in FY-74, 
rermina ted * Management P 

this task wa-: 

Additionaf effort r~ast be performed on the evaluation of the thema1 shock Conclusions: 
effects and dlure mechanisms before final requirements could be determined. 

Problems: N4’” 
.is task is considered to be terminated. 

n n E :  AUTHOR(r): DATE 
Forecast: W- 

No formal in- house rep- was issued. In-house accomplishments were reporteg in tie 
7. REPORT NO.: TRANSMtTTE 

Weekly Notes. 

CXNG PRQJECF: Space Shuttle or Tug FIRST BENEFre 
-c:h 1078)  MSFC- Form i l l 0  O c  
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. CENTER: 2. PERIOD COVERED: 3. CODE 

CURRENT NO.: PRIOR NO.: 

MSFC 01 10 73 31 03 74 909-54-2 1 908-5 1- 2 1 
I. TITLE: 

Manufacturing and Inspectiam 
1. RESPONSIBLE INOIVIDLJRL: TELEPHONE: APPROVAL: 

Siler, H. L. (Aft., COR) (*I 205-453-5088 W. Angele 
1. ACCOMPLISHMENTS (Milestones. Problems, Near term activltler): 

TASK: 
NASS-24365 Massachusetts Institute of Technology, Cambridge, MA 02139 

OBJECTIVE: 
analysis of thermal stress and metal movement during welding. 

Analysis of Thermal Stress and Metal Movement During Welding 

The major objectdve of this effort is to perform studies and a complete 

APPROACH: 
ture distribution, 12) analysis of stress distribution, and (3) prediction of metal 
movement. 

STATUS: Technical Progress: Phase Report, 73-16, describes the work performed to 
June 1973. 
Thermal Stress and Buckling During Welding of Tantalum and Columbium Sheet" prepared by 
Mrs. K. Anne S. Hirsch, dessxibes the work performed on Phase B and Phase D of the 
contract. 
Dimensional Thermal Strains and Metal Movement During Welding" prepared by LCDR Jon J. 
Bryan, USN, describes the work performed on Phase E of the contract. Effort is being 
performed on the balance of &e Scope of Work. 

A contract is being utilized to perform (1) mathematical analysis of tempera- 

Appendix A of tfitr report, which is the thesis entitled "Investigation of 

Appendix 3 of the report, which is the thesis entitled "Analysis of Two- 

Management Progress: The inal research contract on "Analysis of Thermal Stresses 
and Metal Movement during ing" was initiated on May 15, 1969. The study was COP 
pleted on October 14, 1970, and the final report of the study was published on December 
15, 1970, as the NASA Contractor Report CR-61351. An extension of the contract became 
effective on October 14, 1970 with an appropriation of addition funds. In June 1973, 

'. REPORT NO.: TITLE: AUTHOR(r): DATE 
TRANSMITTED 

NASA Contractor Report CR-61351, "Analysis of Thermal Stresses and Metal Movement 
During Welding", K,, WsubucRf, December 15, 1970. t 

Technology Utilization Office issued a NASA Tech Brief, 872-10333, "Analysis of Thermal 
Stress and Metal Movement Durdng Welding", dated July 1972. 

Phase Report, 73-1.6,. "Analysis of Thermal Stresses and Metal Movement During Welding", 
T. Muraki and K. Masubuchi, June 21., 1973. 

N(IPE (*) Mr. R. M, EOaTman, SW-ASTN-MM, has been designated as COR. 
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CURRENT NO./CODE: 
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Analysis of Thermal Stress and Metal Movement During Welding 

OF 2 (Cantinuation Sheet) PAGE 2 
,-.-I 

TASK: 

STAT~IS: Management Progress: (Continued) 

the contract: was again extended until June 30, 1974 with no additional funding and the 
program was further expanded to include Phase G, "Perform experiments on thermal 
strer;6es and metal movement in joining thin cylindrical shells", at no additional cost 
(to tjje Government. 

_I_ "- 

C0ncjusions: 
and nrcrtal movement in joining thin cylindrical shells, it 1s important to cornpare 
analytical solutions with experimental results. Efforts will be made to generate 
experfmental data on cylindrical shells. 

Probfrm3:. A major problem in the theoretical study is how So develop a computer program 
with fiatisfactory accuracy and reasonable cost. 
research, persistent e f f o r t s  have been made by the contractor to achieve that goal and 
colnpu~-er programs have been modified many times. 

Although bas ic  equations have been developed to analyze thermal stresses 

During the entire course of this 

Forec#st: Contractual work is scheduled to be completed by June 30, 1974. 
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CURRENT Na: PRIOR NO.: 

RESEARCH AND TECHNOLOGY OPERATING PLAN 

. CENTER: 2. PERIOD COVERED: 3. CODE 

908-5 1-2 1 31 O3 74 909-54-21 MSFC 01 10 73 
. TITLE: 

Manufacturing and Inspection 
-.--- . 
. f?I SPONSIBLE 1NDiVIDUAL: TELEPHONE: APPROVAL: 

205-453-0120 W. Angele Splawn, J.- L. 
. ACCOMPLISHMENTS (Milestones. Problems. Near torm acslvttftw): 

TASK: 
In-House 

Development sf Maneuvering and Manipulating Units 

OBJECTIVE: 
manipulating units. 
simulated space environments; such as air bearing surfaces and underwater, with final 
effort in support of E'VA/IVA space activated simulations. 

This effort is directed toward the development of maneuvering vehicles and 
Items will be used for the purpose of demonstration testing in 

APPRWCH: The approacih taken to meet the objective included the following areas of 
work: (1) Develop Air Bearing Lift Pad and manipulating sub-systems. (2) Identify 
potential application, (3) Test and evaluate to determine technological problems. 
(4) Upgrade design and hardware. 
(6) Develop multi-purpose Joystick Control for seven-degree-of-freedom master slave 
manipulator with rate control feature. (7) Develop Extendable Stiff Arm Manipulator 
(ESAM) for docking experiments, (8) Develop underwater maneuvering Free Flying Platform 
(9) Develop analog controls for manipulators. (10) Develop Automatic Cable Management 
Gantry. (11) Conduct design study for exchanging End Effector Jaws remotely. 
(12) Develop JoystiddAnalog control for ESAM manipulator. (13) In-house tests and 
evaluation. 

(5) Test and document for future application. 

STATUS: Technical Progress: The above items (1) through (7) have been completed and 
reported on in prior reports. 
the work being done for RTOP 970-63-20. 
(8) Basic unit is complete. Underwater sub-systems (thirteen degrees-of-freedom 

Some of the developed items are now being utilized in 
Work continued on the following items: 

DATE 
TRANSMITTED 

1. REPORT NO.: TITLE: AUTHOR(r): 

Equipment Contract HAS8-29078 - Final Contract Report, "Development of ,p Automatic 
Cable Management Gantry, James R. Allen & Andrew Karchak, Jr., September 1973 

FIRST BENEFITTING PRWECT: Free Flying Teleoperator/Shuttle ---- 
MSFC-.Fosrn360 (March 197a3 
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TASK: Development of Maneuvering and Manipulating Units 

STATUS: Technical Progress: (Continued) l- 
1 Joystick Controller, control electronics, on-board power supply and circuits, etc.) were 
tested and operated satisfactory. 
designed and necessary modification were completed. 
on the Automatic Cable Management Gantry. (11) The design study for exchanging the End 
Effector Jaws remotely was completed and a working demonstration model was provided. 
(12) Additional work was completed on the Joystick/Analog control for ESAX Xanipulator. 
(13) In-house testing and evaluatim is being performed under a restricted manpower 
allocation. I _  

Ha+geIwnt Progress: 
allocation and with no FT-74 approved funding. 

Conclusions: 
expected to provide versatile test beds for Free Flying Teleoperator test and sirrmlation 
studies. The AI3Al-B manipulator preliminary test indicates improvement of the Servo 
ControE Unit and will provide a valuable manipulator system for various remote manipu- 
lator studies and siagllatfon exercises. The 14-channel control and Joystick Analog 
Proportional Rate Control Unit provided a tool for trade-off studies of control units. 
The Automatic Cable Management Gantry will improve Free Flying simulation testing. 
ESAH manipulators and Joystick/Anabg Control. will provide the equipment necessary to 
do siawlated remote EVA grappling experiments. 

(9) The analog controls for manipulators were re- 
(10) Modifications were completed 

Work continues on this in-house effort under a restricted manpower 

The Air Bearing Lift Pad and Underwater Model Xaneuverable Units are 

The 

I Problems: None 

Forecast: 
should complete the effort to: (1) Finalize modifications to the controller for the 
Underwater Model Capture and Maintenance Pilot (U-CAMP), (2) Modify and improve opera- 
tional characteristics of the Joystick/Analog Controller, (3) Finalize detail design 
drawings for the Modular Hanipulator Kit System for an Elbow Module (an additional 
control mode is being added to control shoulder, elbow and wrist movements to simulate 
hand extension), PitchjYay W u l e  (provide Pitch/Yaw wrist movement), and Shoulder 
Azimuth/Pitch Module, and (4) Modify the Air Bearing Lift Pad Maneuverable flatform by 
the addition of precision air bearing8 to reduce friction and provide better performance 
for operation as a free flyer test vehicle. 

The in-house fabrication and testing should be completed by June 1975. This 

1 
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Hanufacturhg and faspection 
~ 6 :  SPONSI BLE t NDlVl OWAhr TELEPHONE: APPROVAL: 

W. Angele 
Hankins, J. D, 205-453-4877 

~~ccOMPLISHMENTS (MIlerta1W2s, Problems, Near term rctlvltlw): 

.ASK: 

.n-House 
Process Devefmpment for Electronic Interconnection of Microcircuit Devices 

~JECTIVE: To contitme development effort on electrical interconnection techniques for 
msembly of m€crominSature devices which included the development of mounting and joinin1 
:echniques for optimfzation of reliability for devices and interconnecting systems. 

~ P R O A C H :  The approach. taken included (1) development of mounting and joining concepts, 
'2) development of lead bending, forming and trimming tooling, (3) assembly and evalu- 
ition of assembly techaiques, (4) evaluation of concepts for optimum quality and re- 
liability with mlahtm costs, aud (5) prepare test reports and documentation, 

;TATUS: 
luring this reporting period. 

&anagement Progress: 
thi8 task was terminated. 

TechnicaT Progress: Available manpower was utilized on higher priority work 

Since no manpower or funding was allocated for this task in ET-74, 

Zonclusions: 
reduction in costs.. 

The developed techniques show much promise for increased reliability and 

Problems : None 

 orec cast: This task fs considered to be terminated. 

DATE 
TRANSMITTED 

AUTHOR(,): . REPORTNO.: TITLE: 

HO formal in-house report was issued. In-house accomplishments were reported in the 
t 
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01 10 73 31 03 74 

. MANUFACTURXNG AMI3 INSPECTION 

TASK TITLE: Advanced Remote Visual Inspection Techniques 

OBJECTIVE: This wark will consist of the development of a remote visual inspection 
system with a color TV camera  system, coherent fiberoptics and illumigation . 

sources for inspecting She k s i d e  of tubing, small tanks, components, injector plate: 
etc. The system wil ve the capability of detecting various defects such as cracks 
-fatigue s t ress ,  elect tic action, metal transfer, corrosion and heat damage in 
areas normally inaccessible Zor direct visual inspection. 

APPROACH: A black and white PV portable system has been developed and has been 
used for inspections OS critical hardware and facilities. 
the development of color TV’s and ultraviolet fiberopt.ics. 
be made applicable to tihis advanced remote visual inspection system. 

The work is to be accomplished in three phases: (1) Color - development of color 
presentation; (2) Ultraviolet Light - development of an ultraviolet illumination sys - 
tern, and (3)  Techniques - development and refinement of inspection techniques. 
Phase I will  consist of ‘two p r b a r y  tasks: (a) procuring a low light sensitive color 
T V  camera  system;; 
lished concurrently 
violet illuminator; 

Progress  has been made in 
These advancements can 

I 

dapthg fiberscopes to camera. 
Phase  I and will consist of three tasks: 

Phase 11 will be accomp- 
(a) procuring ultra 

curing non-coherent fiberoptics capable of transmitting 
ultraviolet light, (c) adapting fiberoptics to an operatirip system. 

7. REPORT NO.: TITLE: AUTHOR(r): DATE 
TRANSMITTED 

None ’L 



STATUS: TechnrcaT’ ” Progress:  An Akai color camera was obtained at no cost for use 
Fiberoptics were adapted to the camera  and necessary modificatio 

Evaluationsd the light sensitivity and reso.  
This system was utilized on two occasions to 

Negotiations a re  underway to secure a high resofu- 
It appears that a com- 

in this project. 
to the c m e r a  system were  completed. 
lution of the system were conducted. 
evaluate defects in the 3K subscale SSME tes t  hardware. 

tion low light l e ~ e b  color T V  camera  at a reasonable price. 
pany demonstrat/Pr unit will be a best buy. 

use in this project. 
200 l ines,whereasl  approximately 500 lines a r e  required. 
system is progrkssing; however, the projected schedule has been revised. 
mediate portions of the project a r e  being delayed, however, the final completion 
date still appeaie  valid- 

finagert;ejnt Progress:  

Conclusions: Evaluation of the Akai color camera  proved it ta be of little 
Light sensitivity is rather poor and the resolution is less than 

The search for a usable 
Inter- 

PROBLEMS: N~ major  problems are known at this time 

FORECAST: Com&2tion of negotiations for color TV camera systems. Evaluate 
ultraviolet transmitt ing fiberoptic s and initiate procurement. 

PUBLICATIONS: ffQne 

REMARKS: None 

. . .  
:- t . .- .i.. 

- I  

USFC - Form 350-1 <March 1973% 
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i. TITLE: 

' Transportafiion - 
APPROVAL: i. RESPONSIBLE INDIVIDUAL: 

205-453-1260 J. A, Lovingood S &E -AERO - DIR 
Jesco von Puttkamer I?? 

I 

j. ACCOMPLISHMENTS (Milestones, Problems. IWsw term actlvitles): 

TASK: Feasibility and T 
Contract NAS8-28586+, Lo 

OBJECTIVE: 
studies of an aeromaneuvering orbit  -to -orbit shuttle (AMOOS) vehicle with the goal 
of identifying one o r  more p r  
of a range of appropriate con in  the first study phase, those systems a r e  now 
undergoing concept evaluation a n d  concept design. As  a highly maneuverable third 
stage for the Space Shuttle, 
passes for synergistic maneuvering, i. e. , energy dissipation (braking) and/or 
orbit-plane rotation @.atera1 maneuvering) for return from high-energy orbits to 
Shuttle rendezvous orgts. 

ff Study of Aeromaneuvering Orbit -to -Orbit Shuttle - 
Missiles & Space Go., HREC, Huntsville, Alabama 

To study and assess the general feasibility and to  conduct tradeoff- 

ing systems. After identification and selection 

AMOQS will utilize atmospheric entry-and-exit 

APPROACH: During Phase  I [Concept Selection) the general feasibility of the 
AMOOS concept w a s  investigated and substantiated. 
design data studies provided 
resulted in  anumber  of promirsiing systems. Results indicated that the use of ablative 
TPS and one-pass d s s i o n s  may lead to considerable improvements in the payload 
capability compared tn a non-akhnospheric Tug -type system. During the current 
Phase II/Part 1 (Comwpt E 

Tradeoff analyses and vehicle 
st -cut confirmation of the general feasibility and 

tion) the selected concepts a re  being analyzed in 
( Continued) 

'. REPORT NO.: TITLE: AUTHOR(5): DATE 
TRANSMITTED 

LMSC-HREC Feasibility- and Tradeoff Study C. Donald Andrews 1 February 74 
MTR D390041 uvering Orbit -to- 

errn Review 

Paper presented Ernst  D. Dickmanns 7-12 Oct. '73 
at XXIVth LA. 
Congress, Baku FMte Thr  



I 
196 

CURRENT NO./CODE: 

PROGRESS REPORT 909 -54-22 
H AND TECHNOLOGY OPERATING PLAN 

(Gntinuation Sheet) PAGE 2 OF 4 

YPPROACH (Concluded): 
tll  problem areas, including aero-thermodynamics, heat shielding, performance, 
.oads, structures,  weights, and subsystems. Trade studies a r e  being conducted, 
tnd preferred concepts w e r e  identified along with their operational and economic 
5spects. These studies are presently also identifying crit ical  a r eas  requiring 
5dditional investigation and  deeper penetration, prior to Concept Design (Phase III). 
Ln a later study phase, Phase II, Part 2, additional studies - as identified - will  
De conducted, using the resu l t s  and vehicle configurations from previous studies with 
;he objective to achieve an extension in scope and depth for data refinement. In 
Phase III (Concept Design) the system resulting from the preceding Phase will be 
conceptually designed to subsystem level. In-depth studies of guidance requirements, 
trajectory optimization, aerodynamics, and flight control wil l  be continued, supported 
by wind tunnel qesting. 

STATUS: Technical Progress :  During the reporting period, a tradeoff study of the 
performance and stability characterist ics of two of the three concepts under investi- 
gation, AMOOS I and 5B, has shown that they a r e  very similar, with 5B being the 
better of the two vehicles. Hence, the AMOOS 1 concept has been eliminated from the 
study, and the study of AMOOS 5B and HB is being continued. - It w a s  determined that 
both vehicles are stable for all trim centers of gravity, utilizing a flat-plate flap 
hinged at  the bottom of the  vehicle base which operates as an expansion flap. The 
expansion flap showed no eZfect on lateral and directional stability but improved the 
Longitudinal staMlity. A comparable compression flap was  found to be stabilizing 
directionally, but destabilizing laterally and longitudinally. The flap dimensions were 
determined, a b n g  with the additional structural  weight required for the trim flap and 
associated rear s t ru ts ,  and the  general design of the two vehicles was finalized. 
Heating rates w e r e  determined for the expansion flap on the HB configuration; alle- 
viation of flap eating is being studied at present. Also determined were shear loads, 
bending moment, and axial load distributions using windtunnel data determined under 
Contract NAS8-28608. Trajector ies  were computed using experimental l i f t  and drag 
coefficients. Per formance  and mission analyses were continued, and the TPS study 
w a s  extended. -- Results  thus far indicate the following m a j o r  conclusions: 
vehicles have a cient h e t / D  to  compensate for off-nominal trajectory conditions. 
(2) AMOOS p a y b a d  capabilities cover 9870 of all Tug missions by weight excluding 
polar orbit and D missions. (3) The AMOOS HB has a lower dry  mass than 5B. 
U s e  of a graph 

to titanium's 2-56 kg/rn3. Beryllium-3870 Aluminum with 1.20 kg/rn3 w a s  a l so  found 
to  be an attracthe material for the AMOO$ structure which would meet the 588.7OK 
temperature a d  strength criteria. (4) Both 5B and WB meet internal packaging and 
Shuttle packing requirements.  (5) Use of a ballute €or drag modulation on a one-pass 
mission is impractical. Application of ballute to multi-pass missions is being studied 
at present. ( 6 )  T h e  leeside of the  AMOOS will require a TPS system. Using the 
Lockheed reusable material LI-900 as TPS would result  in at least  50% higher weight 
penalty than 1 

(1) Both 

olyimide non-metallic structure would reduce the weight signifi- 
cantly below thae of the  titanium structure, having a density of 0.80 kg/m 3 as opposed 

-density ablative TPS. An additional cost analysis determined that 

( continued 1 
MSFC - Form 350-1 (March LQ13) 
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Technical P r o g r e s s  (Concluded): 
for one-pass missions and 20-flight reusability, the cost of the ablative TPSis  about 
one-third that of the LI-900 since par t  of the latter would have to be replaced af ter  
each flight due to windward temperatures.  (6) Neithe'r the HB or  5B is significantly 
better overall. 
Management Progress: 
oral  presentation on February  1 ,  1974. The Phase II/Part 1 Midterm Report (see 
7. page 1) was published on 2/1 /74  and distributed. A Modification to the Contract 
was executed whi'd.1 extends the period of work to July 25, 1974, to allow additional 
time (at no cost) fix preparation of the final report. - The Cooperative Study Project 
wi-th DFVLR/Germany (Dr. Ernst Dickmanns) is progressing a s  planned. Two 
reports w e r e  delivered by Dr. Dickmanns which a r e  related to  the AMOOS work 
(see 7., page 11.. 
Conclusions: 
schedule have beem met on time and within budget plans. The tasks specified in a 
detailed t ime/ task char t  were  accomplished as planned. Further study in greater 
depth as well as additional windtunnel testing appear justified by present results. 
Problems: None. 
Forecast: 
to and from orbi ta l  altitudes other than geosynchronous wil l  be investigated, inclu- 
ding high inclination orbits. Additional TPS cost analyses wil l  be made for multi-pass 
missions, specifically for  2 ,  3, 5 and 10 passes. Additional TPS materialwill  be 
considered including carbon/carbon, columbium, and superalloys. These wil l  be 
compared to each other  and t o  t he  1 -pass ablator cost on a total program cost basis 
assuming 20 -flight reusability. The loads analysis wil l  be continued. Additional 
structural mater ia ls  wi l l  be investigated. The Cooperative Study wi l l  be continued, 
with a visit at MSFC of Dr. Dickmanns expected in April '74. 

Midterm results of Phase II/Part 1 were reviewed in an 

The  objectives defined for the reporting period in the milestone 

Work ion Phase II/Part 1 of the study wi l l  continue on schedule. Missions 
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. CENTER: 2. PERtOD COVERED: 3. . CODE 

CURRENT NO.: PRIOR NO.: 

M SFC 01 10 73 31 03 73 909-54-22 909-54-22 
. TITLE: 

Transportation 

. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

S&E-AERO-AAE 
Josh D. Johnson 205-453 -2519 W. K e  D h  
. ACCOMPLISHMENTS (&Attestanel. Piobms. Near term actlvltlao): 

Tasks: 
NAS 8-28608: Lockheed Missiles and Space Company, Inc., Huntsvil le Research and 
Engineering Center, P. 0- ffox 1103 W e s t  Station, Huntsvil le,  AL 35807 

Qind Tunnel Testing on the 'AMOOS Vehicle, 

OBJECTIVE: Conduct wind tunnel  t e s t s  t o  define the aerodynamic force and s t a t i c  s t a -  
b i l i t y  c h a r a c t e r i s t i c s  of one or more configurat ions t h a t  have been se lec ted  a s  can 
d ida te s  for the  aeramanemring orb i t - to -o rb i t  Shut t le  (AMOOS)o Data from t h i s  task 
w i l l  be used by Lockheed w h e n  they perform anocher task  e n t i t l e d  "Feas ib i l i t y  and 
Trade-off study of Aeromaneuvering Orbit-to-Orbit Shuttle." 

APPROACH: 
the  3.5-foot hypersonic faci l i ty  at  Ames Research Center. 
f ab r i ca t e  the necdssary nrodelso 
a da t a  report .  

Lockheed personnel will plan and d i r e c t  the required wind tunnel t e s t s  i n  
They will design and 

They w i l l  a l so  analyze the r e su l t i ng  da ta  and prepare 

I 

. REPORTNO.: TITLE: AUTHOR(s): OAT€ 
TRANSMITTED 

5 R S T  BElTEFiTTING PRQJECT: Payload for Space Shuttle 
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BTATUS : 

Technical Propress - The requi red  wind tunnel tes t  was performed during November 1973. 
Two configurations w e r e  t es ted .  A t o t a l  of 32 p i t c h  and s i d e s l i p  po la r s  w k r e  com- 
pleted. A heat  t r a n s f e r  model w a s  fabr ica ted ,  but, because of l imi ted  t i m e  i n  the 
t e s t  f a c i l i t y ,  t h i s  model w a s  not tes ted.  

Management Progress - None 
Conclusions - Both conf igura t ions  t h a t  were inves t iga ted  had longi tudina l  s t a b i l i t y  
when an expansion f l a p  was deflected. 
a t tack near C a  when e i ther  an expansion f l a p  o r  a compression f l a p  w a s  deflected.  

Problems - Clearances between the model and model support hardware were not adequate; 
holes f o r  balance Leads w e r e  small; and f i t s  between p a r t s  w e r e  too t i gh t .  

Both were d i r e c t i o n a l l y  s t ab le  a t  angles of 

Causes of Problems - Inadequate communication between knes personnel and Lockheed de- 
s igners  caused some of t he  problems. 

Suggested Solutions - None 

Forecast - None 

Publications - Ketter, F. C., Jr., "Pre tes t  Report f o r  Tests t o  Determine the 
krodynamic Charac t e r i s t i c s  of Two Po ten t i a l  kromaneuvering Orbit-  to-Orbit Shut t le  
( M i O O S )  Vehicle Configurations in the NASA-Ames 3.5-Foot Hypersonic Wind Tunnel," 
Report No. LMSC-HREC TB D 306791, October 10, 1973 
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MSFC 01 10 73 31 03 74 909-54-33 909-51-33 
, TITLE: 

Informarfon Masagement System (I=) 

H. Garrett C. N. Swearingen 
, RESPONSIBLE INDIVIDUAL: TELEPHONE: 'APPROVAL: 

S SrE-ASTR- CF 453-4070 Sa-ASTR-C 
. ACCOMPLISHIAENTS Witatones, Problems, Near term activities): 

TASK TITLE:' Space Tug Requiremects 

CONTRACT NO. : pJAs8-2 9749 

OBJECTIVR : 
reliability requirements for the onboard computer system. 
mass storage capability for use in application such as.Space Tug, 
SUMC computer for use in a redundant inertial measuring unit which utilizes 
state-of-the-art technologies and thereby achieves significant improvements in 
performance and' physical characteristics and one which is extremely reliable. 
To perform development and qualification testing sufficient to have full 
confidence in &fie SUMC design for application to Space Tug. 
cooperation w i t h  other on-going related RTOP efforts. 

TO detedne the functional, storage, physical, environmental, and 
To provide a reliable 

To develop a 
, 

This will be done in 

APPROACH : 
requirements f w r  the onboard computer system determined, 
tion is lackingassumptions will be made based upon Space Tug "type/similar" 
applications. Included will be the functional, storage, physical, environmental, 
and reliabilgty requirements. 

STATUS : 
the objectives stated above. 
prepared and rehased. 

The conceptual design for Space Tug will be thoroughly reviewed and 
In areas where a defini- 

An effort has been initiated under Contract NAS8-29749 to accomplish 
A Space Tug Computer requirements document has been 

Also the technology impact determined. 

TITLE: AUTHOR(s): DATE 
TRANSMITTED 

. REPORTNO.: 
7 3W- 002 9 

74W-00039 

Space Tug Data Management IBM 
Computer System Hardware 
Requirements Document 

Tug Requirements Impacts IBM 
on S 

September 1973 

January 1974 

First BensfFting Program: Tug 

MSFC-Form360 (klninrch 1978)  



SUMC Microsimulator 
S W C  Microanstruction 
Assembler 

SIIMC-BB Operator Guide 

SUXC Computers 
SUMC-DV System Manual 
Advanced Aerospace Computer 
Technology 
Space Computer Technology 

SWC-BB GPU 

SUMC an Approach to Flight 
Computer Systems 
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TtTLE: 

Information Management System '(IFIS) 

H. Garrett C. N, Swearingen 
RESPONSIBLE INDIVIDUAL: TELEPHONE: AWROVAL: 

Sa-ASTR-CF 8 453-4070 Sa-ASTR-C 
, ACCOMPLISHMENTS (NUlEStOne5 Problems. Near term dCtIVltlES): 

TASK TITLE: Space Ultrareliable Modular Computer 

CONTRACT NO.: NAS8-24909, W 8 - 2 5 5 8 2 ,  NAS12-2233, NAS8-29072, NAS8-29929, NAS8-3046( 

OBJECTIVE: To design a computer for Space Application which provides the 
capability, adaptability, and reliability to accomplish the 
ke$rements of the applications. The design shall: 

fncorporate state-of-the-art technologies including 
large scale integration (LSI), complementary metal 
oxide semiconductor (CMOS), beam lead interconnection, 
and hybrid packaging. 

Rave universal application. 

Be software compatible with existing commercial computers. 

Be cost effective. 

. REPORTNO.: 

SGdE -ASTR- C- 00 1 
S 6;E-ASTR-C-002 

S&E-ASTR-C-003 
Sa-ASTR-C-004 
S a-ASTR- C- 005 

N70-42890 

IEEE 1971 Praceed- 
i ngs 

MSFC-Technology 

TITLE: AUTHOR(5): DATE 

S 633 -ASTR- C %?$Nov&F?fb72 
sa-ASTR-c 

Sa-ASTR- C 
Sa-ASTR-C 
Sa-ASTR-C 
RCA 
H. Garrett 

H. Garrett 

H. Garrett 

I+ October 1972 

Octbbter 1972 
October 1972 
November 1972 
May 1972 

Marah 1970 

March 1971 

February 1973 

First benefiting programs: Tug,. CVT 
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3. 

4, 

5 ,  

6 .. 

7, 

8.  

Perform System Architecture & Logic Design of a computer 
comuensurate with the objectives. 

Construction engineering development breadboard for Logic 
Verification, Develop microprograming and demonstrate 
compatibility objectives. 

Construct an engineerimg development model to demonstrate use of 
LSI CMOS and design automati’on techniques. 

Construct a technology model to demonstrate validity of pack& 
ag ing  technology including; beam leads, multilayer substrates, 
and hybrid subassemblies. 

Perform development tests sufficient to verify the integrity of 
design approaches. 

Construct a prototype model in final selected technology and 
demonstrate that the objectives of the design have been 
achieved successfully. 

Perform design verification testing of the prototype unit. 

Perfam related software and reliability studies. . .  
STATUS : Technical Progress - The system and logic design of the basic SUMC 

has been accomplished. 
constructed and functional operation fully verified. In addition, 
compatibility with existing commercial computers has been 
demonstrated using the breadboard model. 

An engineering development model was 

An engineering development model of SUMC in LSI CMOS technology has 
been constructed and evaluated. 
the desggn automation system developed for LSI CMOS under ongoing 
technology programs. 

This model employed the use of 

A technology model of SUMC has been constructed a d  fully verified. 
This d e 1  demonstrated the use of beam lead devices, multilayer 
aluminia substrates and hybrid packaging which are the technologies 
projected for SUMC use. In addition, this model was designed to be 
software compatible with a commercial computer (Honeywell 316) to 
demonstrate the flexibility of the microprograming Eeature. 

Current efforts include the development of a basic memory module 
(BM) which can be used to implement main memory units (MMU), 
technology evaluations for applications in SUMC, partitioning 
studies, packaging and modularity evaluations, construction of a 
prototype SUMC in final technology design, evaluation testing and 
support software development. 
completed by July 1974. 

The prototype SUMC should be 
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H. R. Coldwater 

fJECTlVE(S): 
:asibility o f  multiple constrain structural optimization which will serve as a model 
)r a large-scale program. 

To develop a smal I-scale optimization program to demonstrate the 

'PROACH: 
le essence o f  the proposal -is development of a computer program special ly designed fo r  
rperimentation with various optimization techniques. It i s  intended to limit the 
-ogram to small structures, in order to conserve computational expense, but provide a 
)ximum of flexibili~y in all other phases of programming. Provision would be made for 
mstraints on stresses, displacements, buck1 ing loads, and natural frequencies, 
,plied either singly or simultaneously. 
Lraints will also be investigated. Some parts o f  the program have already 'been 
mpleted. 

The-proposed work i s  an extension of the work already carried out at MSFC. 

The possibility o f  including flutter con- 

rA'ATUS: Technical Progress-The theoretical bas is for hand1 ing stress constraints, 
icluding local buckling, has been completed. This part still has to be programmed 
id incorporated in the large-scale optimization program. Work on an out-of-core 
quat ion so? ver has been comp 1 eted . 
inagement Progress, Conclus ions, Problems, E Forecas t--None 

DATE 
TRANSMITTED 

T4TLE: AWTHOR(r): REPORT NO.: 

irs t Benef i t.t ing Project: Tug 
J 

/ .~ 
7-. 

SfC-FormaKO (Much 1 9 T t )  

. .  
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Structural 

i. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVALr 

J. E. Key 45 3-4349 H, R .  Coldwater 

TASK: Development af Solution Techniques for NonI inear Structural Analysis 
m-29625 The Boei 

P. ACCOMPL~SHMEHTS (Misrtona, Pl,bIemr, Near term actlvltler): 

OBJECT I VE(S) : The o ctive of this effort is to develop effective subroutines and 
criteria for solutiom of systems of nonlinear simultaneous equations that contain 
multiple roots as well as minimum and maximum points. 

APPROWH: To accompPBsh this task, a two-phase program will be initiated. In Phase I ,  
new methods will be developed, new and existing methods will be evaluated on ease of use 
cost o f  solution (i.e-, computational speed), and types of problems for which the methoc 
i s  effective. The s routines developed for this effort will be written to be eftectivc 
for the solution of  problems in  structural analysis. In Phase t i ,  techniques will be 
developed for solutiom of problems with multiple roots, minimum points, and maximum 
points. The current techniques for solution of nonlinear equations are extremely 
inefficient for these types of problems. This phase is most meaningful for solution 
of buckling problems a d  nonlinear collapse since equations describing the phenomena 
can be written directly instead of making many simp1 ifying assumptions which 
inadequately describe &he phenomena as i s  the current practice. 

STATUS: Technical Pr ress--Detailed analyses have been performed for the nonlinear 
torus problem, using several finite element meshes. The test problem has proved to be 
very valuable, both in providing a description o f  the behavior of a difficult and 
instructive problem, apnd in demonstrating and improving our nonlinear solution 
techniques. The torus problem exhibits extremely nonlinear behavior, with occurrence 0' 
tyo liu poin& (a rnaxATum and minimum) as wykl a8 Thaip changes in the path plots 

'. REPORT N0.i TITLE: AUTHOR(r)t DATE 
TRANSMITTED 

STATUS : (Con t i nued) 
Managemen t Progress-- 
Conclus ions--None 
Probl ems--None 
Forecas t--None 

MSFC - Form 3 6 0 (Much 1 S I 8  1 
- 
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2. PERIOD COVERED: 3. CODE -- 
CENTER.. 

CURRENT NO.: PRIOR NO.: 
01 i o  73 31 03 74 6 FC 909-55-01 

StructL, 1 

J: E. 453-4349 H. R. Coldwater 

TITLE: 

- 
R E S P O N S I B L ~ ; { , t " / w  TELEPHONE I APPROVAL: 

w;tms. Pmblemh Near term actlvltler): ACCOMPLI 5 : w ( r f l  

E: 
lsogr i d  ct i "del .3 

D B J E C T I V ~ ) .  
;Ubjectec:-o'CCA'I,j,Illed compression, bending and torsion, and to v e r i f y  the analysis 
by testit.*, 

,?,PPROACH: inatl/;r 1s techniques for stress d i s t r i bu t i on  and c r i t i c a l  buck1 ing loads w i l l  
be develbhd, 
isogr i d  ct indel i! 9 

i n t o  the .ogritl pBs1gn Handbook as a guide fo r  fu ture designs. 

C+;.,d //,qression, Bending and Tors ion Loads on Skinned and Unskinned 
NAS8-29671 McDonnel1 Doug 1 as 

.(CT develop an analysis for isogr id  cy1 inders (with and without skins) 

t l r l ;  theory developed shal l  be v e r i f i e d  by scale model tes t ing  on Lexan 
The t e s t  resul ts  and theory shal l  be summarized and incorporated 

Progress-Design and fabr icat ion o f  the t e s t  f i x t u r e  have been 
and analysis of the two tes t  specimens have been completed. The 

s i x  pane!. Mhicll w i l l  be jo ined to form two cyl inders are current ly  being fabricated. 

Concl us it+--p&lie 
Problems- 
Fo r eca s t -- 'lone 

t+ma gemec 1 >,-oq I PQ 0 --None * :  

TITLE: AUTHOR@): DATE 
TRANSMITTED . REPORTNO.-' 



Structura l  

J. E. Key H. R. Coldwater 

- TASK: S t ruc tu ra l  Test of lsogr i d  Conical Adapter 
NAS8-29859 Genera 1 Dynamics 

OBJECTIVE(S): W 10-fwt-diameter i sogr id  conical  adapter w i l l  be nondestruct ively 
tested for  s. number of load condi t ions to  ob ta in  s t ruc tu ra l  response data fo r  these 
types o f  loads. 
loading w i l l  be se lected and appl ied to the conical  adapter t o  determine i t s  u l t ima te  
strength. The t e s t  r e s u l t s  w i l l  be summarized and incorporated i n  the lsogr id  Design 
Handbook as a guide for fu tu re  des igns . . 

Upon completion o f  the nondestructive test ing,  the most c r i t i c a l  

STATUS: Technical Progress--The work ou t l ined  under Approach has been completed,' and 
the f i n a l  r e p o r t  described below i s  ava i lab le  fo r  d i s t r i b u t i o n .  
Management Progress-Since t h i s  contract  i s  complete, t h i s  progress repor t  terminates 
repor t ing.  
Conclusions-Six p o t e n t i a l  f a i l u r e  modes were considered i n  the analysis of the cone; 
sk in  buck1 i n g ,  
c r  ipp l  ing, co? 
c r i t i c a l  loads 

compressive y i e l d  stress,  s t i f fener .  flange c r i p p l  ing, s t i f f e n e r  web 
umn buckl ing,  and general i n s t a b i l i t y .  The skins buckled we l l  below 
, but d i d  not cons t i t u te  a s t ruc tu ra l  f a i l u r e .  The s t ruc tu re  f a i l e d  e i t h e  

as a r e s u l t  of general i n s t a b i l i t y  or  column buckl ing. It was impossible t o  determine 
which mode a c t u a l l y  i n i t i a t e d  f a i l u r e  since the predicted s t  ngth o f  the two modes 
was inseparable. 
Prob? ems--Nme 
Forecas t--None 

. REPORT NO.: TITLE: AUTHOR($): DATE 
TRANSMITTED 

PD 73-0123 Conical I s o g r i d  Adapter J. E. Dyer 
S t ruc tu ra l  Test Resu 1 t s  P. Slysh 5. Feb. 1974 . 

PD 73-0123 Conical I s o g r i d  Adapter 
S t ruc tu ra l  Test Resu 1 t s  

5. 

b 
i 
I 

k I 
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:4 .  TITLE: 
I 

' TELEPHONE: APPROVAL: 
i 
15. RESPONSIBLE I N D I V I D b k :  

1 R. L .  McComas f 453-4387 H. R. Coldwater 
P f G e ' * %  r w  s*rm rctivltles)c 

TASK: Orbital Docring D/ra-~ics - Structural lntegr i ty Analysis 
NAS8-26159 Martin jetta Corporation, Denver Division 

OBJECTIVE(S): 
the Orbital Dockin? Dynmi ics  Program (A general ized digital computer program to 
predict prel iminary docking 1 w d s )  and to del her and implement a working computer 
program. Demonstr::tion o f  the program wi 1 1  be accompl ished by performing analysis on 
a furnished Tug stytxturaf model and docking mechanism configuration to determine the 
impact and capture laads to verify the structural integrity. 

The sbjeCti+/S of this funded effort i s  to complete the development of 

1 
(APPROACH: The prorram w i l l  be developed by general Izing the equations of motion and 

1 trajectory and pre::ict the impact Points until capture has been accompl ish&. 
I, Integration o f  the q u a t i o n s  of motions W i l l  be performed to determine the flexible 
!body loads versus fine. 
i 

]was demonstrated OF t h e  MSFC cmpUtersa 

providing a library of impact mechanisms and a routine that will describe the closing 

STATUS: The program. 

successful; however, to extend the accuracy to the desired level, the program i s  being 
converted to Double Precision arithmetic. 

Technical ~rogress--The theory and computer coding are complete. 
The demonstration problem was partially 

bnagement Progres5--A no-cost extenrion Was granted to MMC because of the saturation of 
ISFC computers by Zkylab work. 
onclus ions--None 

I 
roblems--Computer rmpatibitity errors were discovered during the MSFC checkott. 
hese errors are being corrected. Forecast--Program will be readv bv June 197 . 

AUTHOR(r): DATE . REPORTNO.: 7 l T f i t  TRANSMiTTED 

t 

- -- 
MSFC - Fprm SbO (March 197bb 
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01 10 73 31 03 74 

TELEPHONEt APPROVAL: ' 

J. E.  Yd.1 45 3-4349 H. R .  Coldwater 
B. AcCoMUi~'*f*~~HTS (Wtertona. PreWemr, Near term sctlvJtles): 

TASK: 
Ms8-3'&5 The Boeing Co. 

08JECT(!%): 
1 in.ear : f i f f n e s s  re l ,at ionships,  and compile a handbook containing these re la t ionsh ips .  
tn addf! h,. a number of needed elements w i l l  be developed and tested. 

Af'PROAC!!: 
1 i t e ra t f i f e  cur ren t ly  a v a i l a b l e  which address geometric nonl i nea r i t i es ,  nonl inear 
e l a s t i c  ")aterials, and nonl inear i n e l a s t i c  mater ia ls.  
reviewed, and the capabi l  j t i e s  and 1 imi ta t ions o f  each w i l l  be determined. 
nonlinear s t i f fness re la t i onsh ips  for each type o f  f i n i t e  element u t i l i z e d  i n  these 
Programs shall be compiled i n t o  a handbook s im i la r  t o  Boeing Report 5-9430-H-1142, 

ljf Structural  F i n i t e  Elements" which was compiled f o r  l i nea r  elements. In  
addition to the elements a v a i l a b l e  in the l i t e r a t u r e ,  a minimum o f  two elements sha l l  
be deveI 'qd  and tested. These elements sha l l  be t r iangu lar  and quadr i la te ra l  i n  
confi9urotlon and be capable of hand1 ing large, out-of-plane, geometric deformations. 
For thesG olements, only Hookean mater ia ls  need t o  be considered. 
STATUS: t s c h n  i ca l  Progress-None 
bnagemerft Progress--.Although the  contract  has been awarded, work has not ye t  begun. 
Cowl us I o Y ) v - N ~ ~ ~  
Prob~ems--Nonc 
Forecas t-mNone 

"zlrvey and Development of  F i n i t e  Elements for Noni inear St ructura l  Analysis 

The 0bject;ve of t h i s  task i s  t o  survey the 1 i t e ra tu re ,  co? 1eCt nOn- 

The review would concentrate on nonlinear f i n i t e  element programs and the 

Each of the sources W i l l  be 
The 

7. R E P O R T N T  M L E .  AUTHORIS) 8 TRANSMITTED DATE 
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MS FC 01 10 73 31 03 74 
TITLE: 

Structural . 
. RESPONSIBLE INOWDUAL. . ' TELEWONEr amwovAL: 

R .  F. Glaser 453-4349 H. R .  Coldwater 
. ACCOMPLISHMENTS ( m a t e n r r .  Problems. Ne.? trrm rctlvitles): 

TASK: - Hydroe Zas t i c Anal ys i s  Ver i f ica t ion 
NAS8-30270 Scwthwest Research lnst i tute 

D B J E C T I V E ( S ~ :  To verify Jn-house developed hydroelastic analysis techniques by 
Derforming axhl vibration tests of simple axisymmetric, partially 1 iquid filled 
con ta i ners . 
9P PROA C H : 
1 .  The test containers shall be modified, where possible, from existins spherical and . . .  

hemispherical conta inero and cy1 indr ical containers with hemispher ical bulkheads. 
2. The t e s t s  should be performed with varying f i l l  heights. 
3. The experimental conditions shall be realistic, i . e . ,  relatively large amount of 

liquid and' thin membranelike walls must be considered to efface the effect of 
the unavoidable variation of wall thickness. 
The wall material must be elastic so as to follow Hooke's law as much as possible. 
To avoid amy undesired coupling, t h e  support conditions must be appropriate. 

4. 
5. 

STATUS: Technikal Progress-None 
Managemen t P rogres s - - Non e 
Conclus ions--Name 
Problems--Fabrkation difficulties of the first tank. 
Forecas t--None 

_* _-- 
TnTLE: AUTHOR(8)r DATE 

TRANSMITTED 
'. REPORT NO.: 

t 
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- -- . CENTER: 2. PERIOD COVERED: 3. COD€ 
CURRENT NO.: PRIOR NO.: 

01 10 73 31 03 74 909 -55-01 -- MSFC 
. TITLE: 

Structural 

. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

E. E. Eagfcr I 453 -4 05 0 I G. A. Kroll . ACCOMPLlSHM1ENT~(~lestonOs, Prob#ems, Near twm actlvltles): 

E: Lighfxefght Shelf Structures 

MSFC-Form360 (March 1 9 7 3 )  T 

DBJECTIVE(S): To investZgate the optimum designs for thin gage unpressurized structural 
components that will be representative of those in the Space Tug vehicle. 
design, analysfs, fabrication and inspection techniques to provide reliable, lightweight 
structural systems, and to demonstrate the application of advanced composite materials 
in lightweight structural applications. 

To establish 

APPROACH: Design concepts and materials will be evaluated for identification of those 
that will meet the very low structural density criteria required for mission performance 
Test specimens wiIl be desdgned, fabricated, and tested for verification of the struc- 
tural performance. 

STATUS:, Design and analysis studies of a cylindrical shell structure were initiated by 
the contractor, lrlartin Madetta Corporation. 
sidered are honeycomb sandwich, skin-stringer-frame, truss, and isogrid. Evaluatior of 
these concepts hcludes hwestigating various combinations of skins, cores, stiffeners, 
frames, adhesives, and attachments. Materials include those of boron, graphite, glass, 
epoxy, aluminum, titanium, steel, and beryllium. The most promising structural concepts 
are in the process of being fabricated and tested as small test specimens. 

Candidate structural concepts being con- 

MANAG- PROGRESS: None 

. REPORTNO.: TlTLE: AUTHOR(s): DATE 
TRANSMITTED 

t 

Monthly Progress Reports 
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Thcrma 1 Control  
.'V- -' TELEPHONE: APPROVAL: i. RESPONSIGLE INUIVIOUAL: 

Uwe Hucter (205)  453-3826 C. C. Wood 
i. ACCOMPLI%iENTS (Mllestonar. Pmblsms, Near term actlvltiss): 

TASK: - Thermoelectric Thin Film Thermal Coating Systems, NAS8-28519, Ohio Semitronics 
Inc ,  (Note: The t a s k  was completed s a t i s f a c t o r i l y  by the aontractor  on 15 Nov. 1973). 

OBJECSIY1!3: 
the use of thermoelec t r ic  devices t o  demonstrate both advantages and disadvantages of 
t h i n  f i lm  thermoelec t r lc  devices. 
e l e c t r i c  devices f o r  understanding the  performance cha rac t e r i s t i c s .  of such devices and 
use a s  deeign a ids .  
spray techniques fo r  a p p l i c a t i o n  of thermoelectric 
The goals a r e  to understand the  governing design parameters required f o r  incorporation 
of thermoolectrics i n t o  f u t u r e  spacecraf t  designs and the determination of t h e  
advantages of: such dev ices  over conventiona 1 systems. 

Perform cornparison s tudies  of proposed spacecraf t  systems with and without 

Generate parametric performance parameters of thermo- 

Determine experimentally the p o s s i b i l i t i e s  of u t i l i z i n g  flame- 
materia 1s on var ious substre  tes . 

APPROACH: The work scope was divided in to  4 tasks .  

1. Analysis: Analyze a system, Phase B Space S ta t ion  r ad ia to r ,  and determine 
performance c h a r a c t e r i s c i c s  of t h i n  f i l m  thermoelectric devices i n  such a system. 
Use the  data to perform a comparison study f o r  determining the  advantages of u t i l i z i n g  
thermoeleetrics ., Perform parametr ic  s tud ies  t o  determine what physical  design parameter: 
need t o  bo optimized to  des ign  an  e f f i c i e n t  system. 

2. Design: Perform a preliminary design ana lys i s  on an in tegra ted  thermoelectr ic  
r ad ia to r  t o  deteimine the engineering aspects  of manufacturing a thin-f i lm thermoelectrii 
r ad ia to r  panel. 

TITLE: AUTHOR(s): DATE r. REPORT N0.r 
J. Harpster,  W. Bulman TRANSMITTED F!'&na.X Report Phase I on Thermo- 

ePectric Thin F i l m  Thermal A. Middleton, 28 Aug. ' 7 3  
Cbating system 

Penal Report Phase I1 on J. Harpster,  W. Bulman 19 Nov. '73 
Thermoelectric Thin Film A. Middleton, F. Braun 
'Umrmal Coating Systems 

P. Swindhart, F. Braunb 
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3. 
determine tile f e a s i b i l i t y  of t h i s  technique f o r  applying thermoelectr ics  on s t ruc tu ra  1 
surfaces .  

Test$::&: Perform f hake spray deposi t ion tests u t i l i z i n g  thermoelectr ics  t o  

PERATING PLAN RESEARCH AND 

4, Applicnt&x Define poss ib le  u t i l i z a t i o n  of thermoelectr ic  devices f o r  fu tu re  
appl ica t ions  .I 

STATUS: 

Technica 1 Propress:  The s tudy  concluded tha t - cu r ren t ly  the s t a t e -o f -a r t  of th in-  
f i l m  thermoelzc t r ics  is not compatible f o r  use on la rge  surfaces  such as  r ad i s to r s .  
However, use of very t h i n  balk type thermoelectr ic  device appears poss ib le .  

Ilhe use of t l l e rmoelec t r ics  r ad ia to r s  of spacecraf t  i n  near-earth o r b i t s  does not 
o f f e r  any m a j r ; t ~  advantage mer use of conventional systems. However, f o r  hea t  f l u x  
environments 1.4 g r e a t e r  than i n  ea r th  o r b i t ,  t he  thermoelectr ic  approach begins t o  
have a d v a n t a ~ e s  ce-g- PWeT Savings) over conventional systems. 

I 
Parametric annlyses conducted showed t h a t  thermoelectr ic  can achieve temperature c o n t r o l l  
over l a rge  ewi ranmen ta l  va r f a t ions ,  
devices may bwXm3 excessive unless  optimized f o r  s p e c i f i c  appl ica t ions .  
un iversa l  typc t h e m o e l e c t r f c s  device f o r  general  app l i ca t ion  does not appear f e a s i b l e  
f o r  spacecrafuwhere  power consumption is nonna1Iy a c r i t i c a l  parameter. 

The cursory tests conducted on modified flame spray (hot  gas) techniques f o r  app l i ca t ion  
of thermoelec t r ic  m a t e r i a h  on s t r u c t u r a l  sur faces  appear t o  have m e r i t .  
shown t o  give adherent  l a y e r s  with a wide v a r i e t y  of shapes and thicknesses  and reason- 
a b l e  thermoeluctr ic  p rope r t r e% 

I However, cont ro l  power required by thermoelectr ic  
Thus a 

1 

It has been 

Management J’copress: The- o r i g i n a l  cont rac t  plus  ~ the f i v e  month extension was 
completed 15 Mov.,> 1933, a t  a t o t a l  cos t  of $69,660. 
end no cont rac t  m e r r u n s  occurred. A f i n a l  o v e r a l l - c o n t r a c t  r e v i e w  was he ld  a t  MSFC 
6 November 1973. 

Conclusion: 

Problems : None 

The work conducted was s a t i s f a c t o r y  

’r 

None, o the r  t b n  as reported under Technical Progress.  

Forecast: None 

Remarks: Conti& e f f o r t s  on app l i ca t ion  techniques and material  Iareoperty improve- 
ments should be cmdueted.  

d I 
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0. TITLE: 

Contrac t  is d iv ided  i n t o  5 subtasks:  I 
&iSuirements: Catalogue equipment thermal  requirements  and c o n s t r a i n t s  for a l l  
mir.3Lon phases .  

PbLtes. 

t b t m 1  c o n t r o l .  

a M  a n a l y t i c a l l y  demonstrate  performance c a p a b i l i t y .  

ex&iting follow on hardware systems fabr ica t ion /assernbly  . 

2 .  @!ironments: Compute- and ca ta logue  thermal  environments f o r  all mission 

3. % a & e t r i c s :  Perform pa rame t r i c  thermal  s t u d i e s  t o  d e f i n e  b e s t  methods for 

4- %tens Design: Prepa re  pre l iminary  hardware systems s p e c i f i c a t i o n s  and des igns  

5. &rl./rsre Plan: Prepa re  d e t a i l e d  p lan  inc lud ing  schedules  and r e sources .  f o r  

- 
DATE 

TRANSMITTED 
7. REPORTNO.: A TITLE8 AUTHOR(i)t 
Issue:  

1. M C R - 7 3 = m  Monthly S t a t u s  Letter (MsL) Terry  Ward 13 August 73 

2. 
and Program Schedule-July 73. 
MSLAugus t 7 3 t l  I t  6 Sept. 73 If I! (( 

8 Oct .  73 3. 

4. .1' " 1t MSL - OctQber 73 n *I 6 Nov. 73 

5. '1 11 (( 19  6 Dec. 7 3  MSL - November 73 
15 Jan. 74 2nd Quarterly Progress Report, 6. 18 I #  

Oct., N o v . ,  Dec. 1973 
13 Feb. 73 MSL - January 74 

1t 11 1st Quarterly Progress Report, 
July, Aug., Sept .  1973 

11 I I  (( 

I t  

I t  t I  

I t  It 7 * " I t  

BL.- February 74 11 I t  $ 1  8 .  I t  I t  12 Mar. 74 

I 
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STATUS: . - 
Technical Progress: Subtask 1, Equipment Requirementslconstraints Catalog. 

Essent ia l ly  completed. Equipment items iden t i f i ed  t o t a l l e d  109. Data compiled i n t o  
handbook form and a l s o  s t o r e d  on tape.  
computation f a c i l i t i e s ,  w r i t t e n .  
computerized data bank m i t t e n ;  i n  p r i n t i n g  a t  period end. 

Subtask 2 , Environments .) 
ea r th ,  and t r ans fe r  orbits ca lcu la ted  and converted t o  equivalent  Tug s ink  temperatures 
f o r  var ious Tug or ien ta tgons .  Hottest and co ldes t  conditions subsequently se lec ted  f o r  
parametric s tud ies .  

Subtask 3, Parametrics,  Tradeoff s t u d i e s  of ex te r io r  sur face  o p t i c a l  s tud ie s  performed 
t o  determine desired coa t ing  p rope r t i e s .  Coarse Tug temperatures-defined using simpli-  
f i e d  thermal model, Coat ing s e l e c t i o n  alone in su f f i c i en t  f o r  temperature con t ro l  under 
coldest  case conditions.  I n s u l a t i o n  b a f f l e  added t o  forward end t o  r a i s e  forward s k i r t  
compartment temperatures, Perimeter hea t  pipes were added around forward s k i r t  t o  
balance la rge  c i rcumferent ia l  temperature grad ien ts .  Study performed t o  evaluate  e f f e c t  
of honeycomb thermal conductance on compartment temperatures. 
small. 
per un i t  loca l  area for use i n  component placement, 

Computer program, compatible w i t h  MSFC 
Users' manual f o r  adding and ex t rac t ing  from the  

Orbita 1 environments f o r  geosynchronous, low Completed. 

Shuttle shadowing cases a l s o  calculated.  

Ef fec t  was favorable but  
Study a l s o  performed t o  eva lua te  thermal e f f e c t  of i n t e r n a l  power d i s s i p a t i o n  

A comporient l i s t  was basel ined.  
used t o  loca te  components i n  the forward s k i r t  compartment. A comprehensive de t a i l ed  
thermal model of the  c q o n e n t l v e h i c l e  was compiled, 
t o  v e r i f y  the  o v e r a l l  t u m a l  design and t o  iden t i fy  and make loca l ized  cor rec t ions  
where required.  

Parametr ic  r e s u l t s  and opera t iona l  cons t r a in t s  were 

The model i s  cur ren t ly  being run 

Radiators f o r  f u e l  c e l l  heat rejection (743 wat t s  maximum) were pre l iminar i ly  s ized.  
Four r ad ia to r  panels are $Oo a p a r t  and 6 square f e e t  each i n  a rea .  
was formulated t o  evaluifee performance and improve design parameters. 
t r a n s i e n t s  run. 

A f l u i d  loop model 
Cold case 

Subtask 4, Systems D e s  
prepared i n  rough form. 

P a r t i a l  spec i f i ca t ions  f o r  thermal system elements have beer 
Updating and completion awaiting f i n a l  r e s u l t s  of Shbtask 3. 

Subtask 5 ,  Hardware Plan, N o t  started.  

Management Progress: FFP t e n  month cont rac t  was signed Ju ly  2, 1973, f o r  $49,000. 
Technical reviews he ld  a t  MSFC i n  October, November, and December 1973, and February 
1974. RFP for so l e  source extens ion  to  bui ld  and test breadboard elements issued. 
Proposal received, i n  e v a h a t i o n .  

* 

environmental g rad ien ts  on Tug design. 
exists between low and geosynchronous o r b i t  a l t i t u d e s .  
by large heat ing environment range. 
i n  geosynchronous o r b i t .  
end insula  t i o n  ba f f l e ,  perimeter heat pipes; selected coat ings,  low 1 heaters  and 
insula t ion ,  and poss ib ly  louvers.  

C.onc1usion.s: Geosynchronous a rb i t  w i t h  Tug s i d e  s o l a r  or ien ted  imposes severe 
Also l a rge  change i n  emironmental  heat ing 

Radiator design complicated 
S iz ing  f o r  Shu t t l e  (low) o r b i t  may be too cold 

However, forward s k i r t  thermal con t ro l  can be passive using 

MSPC - Pomr 3504 march 1973) 
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CURRENT NOJCODE: 

PROGRESS 909-55-02 
RESEARCH AND TECHNO ERATING PLAN - 

(Continuation Sheet) * PAGE 3 OF 4 

STATUS: - 
Problems: Contractor had computation f a c i l i t y  problems January - February which 

Schedule i s  consequently about six weeks s ignif icantly slowed analyses of Subtask 3 .  
behind planning, 
technica 1 challenge . Radiator s iz ing a s  stated in "Conclusions" may be significant 

Forecast: Contract may s l i p  6 weeks, beyond planned May 1 completion though no 
s l i p  forecast: y e t  by contractor. 

- Remarks: None 

E MBFC - Form 350-1 (March 1973) 



ERATING PLAN 

r?rapuIsion 

RESPONSIBLE  VIDUAL f YELECH~NEI APCROVAL: 

, 205-453-3816 , J. A. Lombard0 C, >!iller . 
ACCoMPLiSHhn;;'-5 (kalestones, Problems. Nmr t a m  activitlas): 

AS%: LW %wt Inducers for Cryogenic Upper Stage Sngines, NAS8-29189, Rocketdyne 

-: 
Ydrogen and Pqgen fnducets for a Tug engine app l i ca t ion  r equ i r ing  no tank pres- 
~ i z a t i o n -  
i t h  the ind>.ers to  demonstrate t r a n s i e n t  c h a r a c t e r i s t i c s  and mechanical i n t eg r i ty .  
t t h e  conckelon of t e s t i n g ,  r e f u r b i s h  t h e  hardware and d e l i v e r  t o  MSFC. 

Lsign*; f ab r i ca t e ,  test:, and demonstrate the  concept of using Low-speed 

k!lect,. design, a d  f a b r i c a t e  the  optimum inducer d r i v e  system and test it 

PPROACX: 'Jfie program is t o  be accomplished i n  five phases. 
na$ys is inc ;:ding hydrodynamic' a n a l y s i s  and configuration se lec t ion .  

hase 11 i s  Ck? de ta i l ed  a n a l y s i s  and design, 
ill be made, 

'hase 111 i s  'abr icat ion and h c l u d e s  purchasing, assembly, and inspection of the 
ardware . 
hase IV is kin test%& phase, 
.aboratory to xrfom tbe work, 
lata. 

Phase I is a preliminary 

D e t a i l  drawings and assembly drawings 

Current plans cal l  f o r  an  out-of-house t e s t i n g  
Rocketdyne w i l l  monitor t h e  work and analyze the  test 

hase v is tk r e f u r b , z s k n t  of t h e  hardware as required prior t o  de l ivery  t o  l'ISFC. 

, REPORTNO.: TITLES AUTtiOR(s): DATE ' 

TRANSMITTED 

1. 

2. 

&ogram Plan 

rnkstone Report 
Ehase I 

J. A. King 

J, A. King 

6 D e c  1972 

19 Jan  1973 
Id 

3. X51estone Report 
Ehase I1 

J. A, King 7 Jun 1973 

! FIRST BENEFIlT.% PRWECT: Low Cost: Cryogenic Tug 
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PERATlNG PLAN 

Phase 111 fabricatfof. :s a ~ w  fn progress. 
Products Divisdkm of -hn strand Corp. A v a r i a b l e  frequency electrical i n v e r t e t  t o  d r ive  
both inducers 3s beirc+ fabr ica ted  by the  General Electric Corporation. 

Both hydrogen iaducer.:. being assembled and compLetion is expected-by Apr i l  155 1974. 
The motors f o r  W g e c  :cldacers are also scheduled f o r  cornpletPca by Sundstrand Apri l  15, 
Assembly Of t h e  COmp?-iy..p_ a n i t s  is scheduled f o r  mid-April. G. E. has s l ipped inve r t e r  
de 1 ivery un t  i'I: Iroid-Aps; 1 

The motor has been subcontracted t o  Pesco 

Manarzement PrOgJeSS: A cfecailed design review of phase I1 was held on May 24, l.973. 
The test plan was rev:n*,te& and approved on August 30, 1973. 
u n t i l  &Y 1974 due t o  .f s&edule s l ippage i n  the inver te rs .  

The t e s t  phase has been deh 

~ o n c h s i o n s : .  Ain eleccfic drive system was found t o  be optimum f o r  t h i s  p a r t i c u l a r  inducc 
appl icat ion.  

Prob- : 
e lec t r i c  mot or=,, 

seV-1 mc:+acar ing  problems have been experienced i n  f ab r i ca t ing  the  

Cause of Problems: 
However, sever& appeer 
i n  machining, e l d ' i n g ,  .tnd inspection. 

N c  axaz  cause of t h e  f ab r i ca t ion  problems has been determined. 
be due simply to  care lessness  on the  p a r t  of Pesco Products 

Solut ion of ProGlems: ' r k  Wnufactur ing problems were detected by Rocketdyne and some 
of t he  machining probl&,,g 
to r e f r a i n  from fur thec ~ ~ ~ ~ e s s  e r ro r s .  

been corrected by them. They have a l s o  no t i f i ed  Pesco 
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RESEARCH AN GY OPERATING PLAN 

01 10 73 31 03 74 
TITLE: 

Propulsion 
RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

F. W. B r a a m  205-453-38 14 J. A. Lombard0 
ACCOMPLISHMENTS (Milestones. PLnDblems, Near term rctlvitlss): 

w: Design Study of LO Derivatives, NAS8-28989, P r a t t  and Whitney Ai rc ra f t ,  
West Palm Beach,, P l o r i d a  

IBJECTIVE: Examine a select number of poss ib le  RLlO engine de r iva t ives  containing 
rarious new fea tu res  t o  inc rease  performance and reduce veh ic l e  weight. For each engine 
lerivative, de f ine  i n  d e t a i l  t h e  engine system performance, weight and opera t iona l  
:harac te r i s t ics .  
xoduction, and operaticma1 costs for each der iva t ive .  

LPPROACH: 
:oncepts as a two-pos i thn  nozzle, tank head i d l e  mode, and zero tank NPSH i d e n t i f i e d  i n  
study cont rac t  NAS8-2933.4. Conduct d e t a i l e d  design analyses t o  the  component p a r t  level 
For no more than th ree  engine derivatives o r  confi.gurations se l ec t ed  by NASA. 
:onfiguration s e l e c t i o n  d l1  be based on r e s u l t s  of c r i t i ca l  design analyses and recom- 
nendations from t h e  v e h k l e  s tudy  cont rac tors ,  the  engine study cont rac t ,  and MSFC in- 
louse s p e c i a l i s t s .  Develop d e t a i l e d  program plans f o r  development production, operat ion,  
md f l i g h t  support f o r  each de r iva t ive .  Based on these  d e t a i l e d  plans, develop a c o s t  
meakdown f o r  each confilguration. 

STATUS: Technical Pronmss : Engine configurations for  t h e  study have been defined and 
selected. Engine d e r i v a t i v e  II;A has  a two-position nozzle, tank head i d l e  mode, zero 
HPSH capab i l i t y ,  and a w n e u v e r  t h r u s t  option. 
nozzle and tank head and pumped i d l e  modes. 
from t h e  cu r ren t  (RLlOA-3-3)flight engine. 

Develop program plans and determine the  assoc ia ted  development, 

Analyze i n  d e t a i l  such performance improvement and veh ic l e  weight reduction 

NASA's 

Engine de r iva t ive  I I B  has a two-position 
These two engine configurations are derived 

. REPORTNO.: TITLEI AUTHOR(r): DATE 
TRANSMITTED 

FR-5 6 9 9 
FR-5756 
FR-5812 
FR-5875 
FR-5 934 
FR-5593A 
GP 73-114 
GP 73-161 
GP 73-217 
FR-5 95 LA 
FR- 6 0 1 1 

Design Sftatdy of R L l O  Derivatives 
Ey Progress Report \ 

2 I 

3 .. 
4 I 

5 ..) 

No. 1 

I 

Br ie f ing  =arts - 1st Review - 
I1  " - 2nd Review I 

I t  " - 3rd Review - 
Preliminaary Interface Control Document 

Finaf Report 
D e s i  n Study of RLLO Derivatives - 

'L 

15 Apr i l  1973 
15 May 1973 
15 June 1973 
13 July 1973 
15 August 1973 
30 Apr i l  1973 
1 May 1973 

27 June 1973 
30 August 1973 
30 August 1973 

15 December 1973 
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CURRENT NO./CODE: 1 
PROGRESS REPORT 909-55-03 

RESEARCH AND TECHNOLOGY OI.ERAT1NG PLAN 
(Continuation Sheet) PAGE 2 OF 3 f 

STATUS : Technical ProEress : (Concluded) 

A t h i r d  engine conf igura t ion  designated category f V  is a completely new engine design 
maximizing the  expander power cyc le  performance. Its fea tures  include a two-position 
nozzle, tank head and pumped i d l e  modes and zero NPSH. 

Design and development, production, and f l i g h t  operat ion program de f in i t i ons  and c o s t  
analyses a r e  complete for a l l  t h ree  configurations.  The h ighl ights  are given below: 

DDT&E -. $e ie;h t - Conf imra t ion _Isp 

Derivative IIA 459 sec  513 l b  $44.5M 
459 4 74 35.7 

Category IV 4 70 4 24 71.8 

Management Proaress: Work began on February 15, 2973. Program reviews and da ta  dumps 
occurred on May 1, 1973, June 27, 1973, and August 30, 1973. A l l  t echnica l  work was 
completed on September 28, 1973. The f i n a l  repor t  w a s  issued on December 15, 1473. 

Conclusions: 
produced on schedule to support  the Space Tug Vehicle System s tudies .  

Problems : None 

Forecast: 

The program objec t ive  was met. The required engine da t a  and cos t s  were 

__ 
This is  the f i n a l  URS repor t  t h a t  w i l l  be  issued on t h i s  task.  

t 

MSFC - Form 350-1 (March L973) 
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RESEARCH AN ERATINIG PLAN 

R. M. Aden 
SbE-ASTR- E C. B. Graff 453-4560 

1 I 

' 6 .  ACCOMPLISHMENTS (MLiesm~14S. Probtomr, N u r  torm activltlrr): 

Objectives: To imWate and secure advances in the state-of-the-art in the Electricst 
Power area aimed a% specific improvements i n  performance, weight and re1 iabi I i ty of 
electrical components/sub-systems to permit attainment of performance compatible 
with TUG requirement s. 

Approach: This is being accomplished under various tasks and sub-tasks which are 
discussed and summarized separately. These tasks and sub-tasks are: 

o TUG Fuel Cefl 
o TUG Component Development composed of such sub-tasks as Switch 
Gear e Circuit Protection, Power Conditioning C, Analysis, Motors 
& Controls fot. Latching G, Docking, Lightweight Cables Ei Connectors 

o F e d - T h r u  Elect r ica l  Connectors 

Status: The Task,, ''Develop Motors G, Controls for  Latching o r  Docking" previously 
reported has been.trerrninated due to uncertainty of a requirement fo r  this item on the 
TUG, 

Remarks: (1) The Task, W9evelop Motors G, Controls for  Latching or Docking" has 
been terminated; thls is the f inal report on this task. 

(2) See Ihdividual Task Sheets for  p r i o r  numbers. 

(3) See Kndividual Tasks fo r  Problems €3 Remarks. 
- 
7. REPORT NO.: TtTLE: AUTHOR(r): TRANSMITTED DATE 

See individual Tasks. t 
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PROGRESS REK)?? 

01 10 73 31 03 74 
I I I 

, TITLE: 

Electr ical Power 
t. RESPONSIBLE INDIVIDUA&: TELEPHONE: APPROVAL: 

R. M. Aden 
J. Morgan 453-2461 SGE-ASTR-E I 
,. ACCOMPLISHMENTS (M1-t-m. ProbIOIm. N O W  t8rm .CtlVitl@%): 

Task- TUG Fuel Cel l  Development 

Contract No: NAS8-30637, Prat t  €3 Whitney (Pc1W) 

Objective: Deverop a f ue? cell powerplant fo r  Space TUG. 
1.0 K W  average. and 2.0 K W  peak. Mi nimum weight and cost are goals. 

Amroach: This i's a new task directed towards modification of the Space Shuttle fuel 
cell technology base to meet TUG requirements. 
modifications of Shuttle hasdware to operate at the lower power levels of TUG. L o w  
cost and lightweiight are also major considerations. Basic Re0 wilt not be addressed 
with this task as, Shuttl e program funding wi l l  carry this costing. 

Power requirements are 

Major emphasis is to be on design 

Status: This i s  a new contq-act for this reporting period. 

Technicai Proqress: Technical requirements have been defined and a con- 
tract for  the design and development effort has been signed. 
being prepared far test ing, 

MSFC facil i t ies are 

Managenrent Proqress: A contract covering the work scope for this task 
through FY76 to accomplish a detaiied design of a prototype TUG fuel cell powerplant 
has been signed with POW, the Shuttle Fuel Cell  vendor. 

I. REPORT NO,: TtTLEz AUTHOR(%): DATE 

None 

TBANSM ITTE D 

_ _  

F i r s t  Benefiting Project: TUG 

c 
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1 .  

Conclusions: None. 

P.roblems: None. 

Forecast: The f i rst  test article delivery is expected during July 1974. 
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. TITLE: 

E lectrica f Power 
TELEPHONE: APPROVAL: . RESPONSIBLE INDIVIDUAL: 

B. J. McPeak 453-4652 SDE-ASTR-E 
. ACCOMPLISHMENTS (Mtlaston8s. Problms. Near term actlvltler): 

R. M. Aden 

Task: Feed-Thru Elect r ica l  Connectors 

Contract No: N/A - Task 1, 2 & 4 are in-house. 

Objective(s): The overal l  objective of this program wi l l  be to develop and prove 
design concepts to establish a set of feed-thru electrical connectors sufficient for  
Tug LH2 and LO2 tanks penetration. 

The proposed three-year lifetime Space Tug shows a configuration of thin wall LH2 
and LO2 tanks. 
this material f o r  both coaxial and conventi onal connectors. We propose an investi- 
gation of these connectors since the long I ife, low leakage requirements wi l l  
necessitate connectors that can operate over repeated cycles of ambient to cryogenic 
temperatures. 

Task 3 wi l l  be contracted. 

These proposals also show that there must be penetrations thru 

Maintenance of reliable connectors of electrical circuit  penetrations of propellant 
tanks is  aggravated by severe thermal shock and cycling with the cryogenic liquids 
involved. 
leak rates. 

Pressure vessel integrity must be maintained to assure extremely low 

Similar electrical feed-thsu connectors are used to penetrate the wal Is of propellant 
tanks and other pressure vessels of Saturn Vehicle stages. 
encountered with the feed-throughs used on Saturn. 
with coaxial type penetrations. 

Numerous problems were 
Diff iculties were most severe 

'. REPORT NO.: TITL€: AUTHOR(5): TRANSMITTED DATE 

W A  

F i r s t  Benefiting Project: Tug 

-- - 
MSFC - Form 3% 0 (Maw* + 3 7 3 1 
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Task 1 - Assessment of requisements: 
‘ m c t r o n i c  system design impose requi rements on the feed-thru connectors the 
f i rs t  task wi l l  be to develop for the connector a statement of performance, design 
requirements, to develop conceptually acceptable feed-thru connector configuPations 
and to write performance-design specifications. 

Task 2 - This task wit1 be to car ry  out a detailed design df configurations selected 
in Task 1, for  further consideration. ‘Th is  task wi l l  include screening of already 
available components for modification t o  Tug-compatible configurations. 

Task 3 - This task will consist of development and fabrication through contracted 
efforts, of required configurations as designed in Task 2. 
wi l l  be prototypes suffi ciently similar to anticipated flight hardware to permit valid 
performance testing, 

S i  nce both Tug structural design and electri- 

The resulting hardware 

Task 4 - This task wilt be in-house testing of the prototype hardware to establish 
performance characteristics and issue test report. 

The total effort is  expected to require between 30 months and 48 months to complete. 
Tasks must be conducted, largely, in sequence. 

Status; Effort has been completed to research and evaluate avaltable data on 
cryogenic connector materials, manufacturers, users and problem histories, Many 
cryogenic connector users and manufacturers have been visited o r  contacted. Data 
obtained from users, describes problems and solutions as well as type of connector 
design used by each. Data obtained during the survey of manufacturers defines de- 
sign, material, and environmental capabilities of each connector as well as the manu- 
facturerls performance ability. Collected data analysis has been completed, Trades 
were made to determine extent of modif ication of existing cryogenic connector design$ 
versus modification of standard multisource connectors to meet cryogenic applications 

* ’  

I 

A conceptual design approach has been established with modification of standard 
mu1 tisource connectors to meet cryogenic applications, A complete development 
specification, 40M38294, has been prepared and released, Tasks 1 and 2 are com- 
plete, A 404 Procurement Request was submitted in Apr i l  1973, to accomplish Task 
3 of this effort. The PR was amended September 20, 1973, and $15,000 Funding 
added fo r  new total of $45,000, 

The Scope of Work encompassed i n  the P 
quest fo r  additional Tug funding has proven fruit less to date. Tasks t and 2, althougi 
major efforts, have required no contract funds being conducted thru in-house efforts. 
I t  is anticipated that a contract will be initiated by May 15, 7974, to begin the out- 
house phase of Task 3, 

nnot be accomplished with $45K. Re- 

I 
MSFC - Form 350-1 (March 1973) 
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TITLE: 

Electrical Power 
RESPONSIBLE INDIVIDUAL: I TELEPHONE: APPROVAL: 

R. M. Aden 

3. J. McPeak 1 453-4652 I SGE-ASTR-E 
ACCOMPLJSHM ENTS (MiIastoner, Problems. fMoer term activitler): 

'ask: - Li ghtweig-ht Cab1 e/€hnnectors 

:ontract No: NfA - Inhouse except fo r  various procurements of piece parts. 

Ibject ive: The objectives \this effort are to review and assess the various methods 
Flat conductor cables, r ib cables, etc. ) available to provide lightweight, reliable 
:able and connector systems for Tug use, to identify those areas needing improvement 
n the state-of-the-art (e. sa connectors, terminations, shields, etc. ) and to c a v y  
but the tasks necessary to  rove the state-of-the-art to a level which wi l l  support 
Tug development, 

ipproach: This effort wiEt conducted i n-house. Piece parts w i l l  be procured. 

4 program wifl be init iated 
neeting Tug ConfFgurat ion 
iach component run of the 
,le wiring techniques (flat canductor cables, ribbon cables, individual wire cables) 
vi11 be established. in terms of weight, reliability, complexity, etc. 

e to layout electrical wir ing harness configurations 
ments and to assess the design requirements. F o r  
the advantages/disadvantages of the several possi- 

Evaluation testing of hardwikrae and wir ing harness layouts w i l l  be conducted in-house, 
r id  final design specifi cati Detailed harness design requirements wi I 1  
,e prepared. Harness types m o t  already i ncluded in the document "MSFC 40M39582, 
iarness Design Standard" wZII be documented for  inclusion as applicable. 

prepared. 

T l f f f i  AUTHOR(S): TRANSMITTED DATE . REPORTNO.: 

'irst Benefiting Project: Space Tug 
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f jtatus: I__ Invest igat ion has been conducted def in ing speci f ic  methods and hardware 
Ivai lable to p rov ide  l ightweight cable and connector systems, 
bations have been ident i f ied. 
;uff icient quant i t ies of r i bbon  round w i r e  cable f o r  f u r the r  detai led in-house MSFC 
est, analysis, and mockup for  comparison w i th  other candidate w i r e  and cable SYS- 

ems. Connectors and o ther  devices f o r  terminat ing candidate w i r i n g  systems have 
been defined and procurement requests have been submitted. 

dpproximately 85% of hardware  on procurement contracts have been received, 
est and evaluat ion program is now scheduled to begin June 1, 1974. 

Ribbon cable configu- 
Procurement requests have been submitted to pupchase 

. 

f 
I 

7‘he 



228 

l e c t r i c a l  Power 

1 .  R ,  Lanicr ,  Jr. 

m: Develop Motore and Controls for  Latching o r  Docking 

iontract No: N/A - In-house 

Ibjective: 
)r docking mechanisms required on the Space TOG vehicle.  
Ei.ned a s  t h a t  system exh ib i t i ng  the  bes t  approach a f t e r  such parameters a s  weight, 
mwer consumption (efficiency) 
:onsidered, Develop motor system; design and breadboard. Tes t  and evaluate ,  

Define the  OPtimU motor(s) and control  scheme(s) t o  be used for the l a t c h i n g  
An optimum sys tem w i l l  be de- 

Performance, r e l i a b i l i t y  (maintenance) and cos t  are 

jpproach: 
sub-tasks a s  follows: 

This approach will be accomplished i n  two phases which a r e  broken down i n t o  

Phase 1 -Motor System ~@VelOpment 
(a) Define Motor System Requirements, 
(b) Se lec t  Motor Vendor and j o i n t l y  perform t radeoff  ana lys i s  of performance 

versus  weight and/or r e l i a b i l i t y ,  
( e )  Identify and prepare Spec i f ica t ions ,  

Phase 2 -Motor System Manufacture & Tes t  
(a) Design Prototype Motor System. 
(b) Manufacture Hardware. 
(e) T e s t  and Evaluate. 

DATE 
TRANSMITTED 

TIT=: AUTHOR(r): . REPORTNO.: 

z 

First Benefit ing Program: TUG* 
MSPC- F o m S 6 O  (Much 1 8 7 8 )  
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Status: This task has been cancelfed effective October 30, 1973, for  the following 
reasons: 

(1) t a c k  of design requirement. 
(2) Uncertainty over whether there wi l l  even be a requirement for  Tug 

Latching and Docking Mechanisms. 
(3) P r i m e  responsibility for  Tug Management G, Development has been 

taken from MSFC and assigned to the A i r  Force, 

Remarks: This task has been cancelled. 
sys ten?, 

This is the final report under the reporting 

t 
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Electrical  Power 

_I Task: 

Contractor: Teledyne Brown Engineering, NAS8-29770 

Power Conditioning Analysis and Development 

Objective: This  t a s k  w i l l  be conducted a s  in-house and cont rac t  i n  sub-tasks whose 
objec t ives  a re  as follows: 

Sub-Task 1 - Powe'r Conditioning Equipment Dynamics & S t a b i l i t y  Analysis: 
w i l l  be t o  develop the necessary too ls  and methods t o  properly determine the  s t a b i l i t y  
and dynamic c h a r a c t e r i s t i c s  of switching mode power conditioning devices. Resul ts  w i l l  
be v e r i f i e d  by experimental  tests with breadboard type c i r c u i t s .  

This e t f o r t  

Sub-Task 2 - Standardizat ion and Modularization of Power Conditioning Equipment: 
w i l l  be t o  develop a data  base f o r  the s tandardizat ion and modularization of c i r c u i t  

include development of built- in t es t  c i r c u i t r y  t o  check power conditioner performance; ; 
i den t i fy  impending f a i l u r e s ,  o r  out-of-tolerance or  f a i l e d  conditions;  and in t e r f ace  
t h i s  diagnost ic  data w i t h  a data bus. 

Sub-Task 3 - Power Conditioning Subsystem Ci rcu i t  and Equipment Development: 
object ive of t h i s  e f f o r t  w i l l  be t o  develop candidate power conditioning c i r c u i t s  and 

E f f o r t  sf 

designs and packaging concepts f o r  power conditioning equipment. E f f o r t  w i l l  a l s o  i 

- 
The 

l-ELlowatt No Number 

S P-243-0 78 8 

No Number 

Inves t iga t ion  of Stagger-Phased P. Harper 6/19/ 73 
Re gpl a tor  

A Study of Power Conditioning and M. A. Honnell 9/17/73 
Power Dis t r ibu t ion  Components 

c 

.-I_ 

F i r s t  Benefit ing Project :  S o r t i e  Lab/Tug 

MSFC - Form 3 6 0  (March 1 9 7 5 )  .. -- 
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Objective: (Cont' 

Sub-Task 3 (Cont"d> 

This equipment w i l l  tthen be t e s t e d  t o  evaluate  and assess  t h e i r  performance under 
typ ica l  amb Lent envlizronment, 

Approach 

Sub-Task 1 - Dynam€& & S t a b f l i t y  Analysis: 
develop trrrrrsfer f m t i o n s  and mathematical models for a l l  types of switching-mode 
s tud ie s  t o  dztermine criteria, methods and t o o l s  f o r  pred ic t ing  dynamic c h a r a c t e r i s t i c s  
and i n s u r i n s  s t a b i l i s y  of the devices.  
experimental  tes ts  using in-house breadboard type c i r c u i t s .  

An in-house e f f o r t  w i l l  be conducted t o  

Resul ts  w i l l  be v e r i f i e d  and demonstrated by 

Sub-Task 2 - Standar i z a t i o n  and Modularization of Power Conditioning Equipment: 
This e f f o r t  w i l l  be a c o n t r a c t  program conducted i n  f i v e  (5) phases a s  follows: 

Phase L - Defke power c m d i t i o n i n g  and built-in t es t  requirements. 

Phase P - Sere& candidate  c i r c u i t s  meeting requirements, perform t rade  s tudies  
and select p re fe r r e& c i r c u i t r y .  

Phase 3 - Ident-y s u b c i r c u i t  elements fo r  t h i n  o r  th ick  f i lm microcircui t  
production, 

Phase & - Des%= and develop a standard package and packaging techniques. 

Phase 5 - Construct  working prototype f o r  t e s t i n g  and evaluation. 

Sub-Task 3 - Power 
e f f o r t  w i l l  be accamplished in  two phases which a r e  fu r the r  broken down i n t o  subtasks 
a s  follows: 

d i t i o n i n g  Subsystem C i r c u i t  and Equipment Development: This 

Phase I - C i r c u + f  Development 
r a t e  func t iona l  c i r c u i t  block diagrams. % 

e r a t e  parametr ic  data  f o r  c i r c u i t s .  
form t r adeof f  ana lys i s  of performance versus weight and/or 

c i f i c a t i o n s  f o r  developed c i r c u i t s .  
uirements f o r  c r i t i c a l  piece par t s .  

Phase 2 - Pro Equipment Development 
chase, analyze,  and qua l i fy  piece p a r t s  a s  necessary. 
u fac ture  candidate prototypes of power conditioning. 
h a t e  equipment by t e s t  i n  laboratory.  The new equipment 
1 be t e s t e d  a s  separate  items under var ious environmental 
ditioas and then incorporated i n t o  a system t y p r  test. 
s t e s t i n g  w i l l  al low the use of various power sources and 

or simulated so t h a t  a l l  candidate power conditioning 
cep t s  may be evaluated. Operational response of the  
pment w i l l  t heq  provide inputs  f o r  necessary design 
fications. 



232 I 
I 

CURRENT NO./CODE: 

PROGRE§§ REP0 909-55-05 
RESEARCH AND TECHNOLOGY WERATING PLAN 

(Continuation Sheet) PAGE 3 OF 3 

3 ta tus: 

rechnical Psoqress: 

Sub-Task 1 - The final report of Contract NAS8-26752, t i t led "A Study of Power 
ZonditioninIg and Power Distribution Components", defines the results of this effort. 
rherefore, Ehis sub-task is considered completed, 

Sub-Task 2 5- W o r k  is continuing on construction of the load center type power con- 
ji t ioner (Phase 5). 
?tc. 1 have Qccurred but each ha5 been sol ved satisfactorily. 

Minor packaging problems (plug-in connectors, heat elimination, 

The centralized type power conditioner is  in the design and breadboard 
bhase (Phase 2). 

Sub-Task 3 u None. 

Aanagement Progress: 

Sub-Task 1 - Sub-task has been completed. 

Sub-Task 2, None. 

sub-Task 3 - None. ,/' 

'rob I ems: 

Sub-Task 2 - Due to hybrid c i rcui t  vendors inability to meet required delivery dates, 
he fabrication schedule of the load center power conditioner prototype has been 
;lipped by two months. 

Sub-Task 3 - Two additional contracts f o r  required piece parts (high voltage 
:ransistors, high voltage recti f iers) have been cancel led because vendors could not 
JeIiver, 
snd means an even more serious delay than previously reported, 

This  makes a total of f ive piece part contracts which have been cancelled 

% 
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TITLE: 

. Electr ical Power 
RESPONSIBLE INDIVIDUAL: . TELEPHONE: 

Donald E. Wil i iams 453-4653 
ACCOMPLISHMENTS gMtlmtones. Problems, Near tsrm actlvltibs): 

rask: __. Switch Gear 6 Circui t  Protection 

APPROVAL: 

R. M. Aden 
SGE-ASTR-E 

:ontractor: WSB-29965 - Leach Corporation, Los Angeles, Cat if. 

Dbjective(s): Component research and breadboard development of high voltage solid 
state power controllers, 
>f solid state power controllers capabl e of flight applications, These devices w i l l  
>ptimize current and voltage capabi I ities as determined by Breadboard develoFrnent 
nnd semiconductor component avai labi I i ty, 

- 
Final results wi I I  be the development and MSFC qualificatioi 

4pproach: 
:hat have high voltage, gain and safe operating area (SOA) characteristics. 
:he research to procure and fabricate a Breadboard model of a high voltage (output 
;tagel power controller. 

Phase A - Perform research of the availability of semiconductors, etc., 
Uti l ize 

,/ 

Phase B - Design, develop and fabricate 4 each solid state power con- 
These devices are to meet the technical and functional :rollers at 5 and 10 amperes. 

nequirements of the specification included in the contract work scope, 

Status: Procurement request prepared and submitted to purchasing in mid-March 
1973. Proposal evaluation completed July 1973. Negotiation completed and contract 
awarded January 1974, Phase A is in process; projected completion date - Apr i l  1 , 
1974. 

TITLES AUTHOR(r): DATE 
TRANSMITTED I. REPORT NO.: 

t 
N/A 

-. - I r s  t Benefiting Project: TUG 
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ElectricaE Power 

RESPONSI EL€ INDIVICVAL- TELEPHONE: APPROVAL: 

Herndon, R. H. 205-453-1508 W. Angele 
ACCOMPLISHMENTS (Wlortorur. Problems. Naar term activities): 

TASK: Light Weight Plat C d u c t o r  Cables and Connectors 
In-H ou 8e 

: The objective of this effort is to prwide an dlnprwed light weight electri- 
cal  pawar distribution and haterconnect system for the weight-sensitive Space Tug. The 
effort will provide the necessary advancement in current flat conductor cable (FCC) 
technology in the areas of shielding methods, thin wall connector designs, high density 
miniaturized distributors and low-profile cable transitions which will meet specific 
Space Tug system design and cePvironmenta1 requirements, 

APPROACH: 
and evaluation, full system studies, studies to establish optimum routing of FCC, 
installation and refurbishment procedures, new component design and hardware specifica- 
tions which will support the Space Tug developrraent. During FY-74 and FY-75, available 
funds will be used to purchase materials for in-house research, development, resting 
and evaluation tasks,  These tasks will include any necessary work for the development 
of an improved light weight connector design, development af mltbconnector distributor, 
FCClshielding ladnating techniques, etc. If additional funds become available, con- 
tracts could be utilized to conduct full system studies, prepare mock-ups for routing 
and installation studies and for the preparation of documentation and specifications. 

This in-house efforz will include the necessary tasks for component test 

STATUS: 
nector are under development and are presently being tested and evaluated. 
of a prototype mnlticonnector distributor has been base-lined. 

Technical Progress: Two sizes  of an improved individually sealed contact con- 
The design 

Two types of a low- 

. REPORTNO.: TITUS AUTHOR(r): TRANSMITTED DATE 

No formal in-house report has been issued. In-house accomplishments are reported in 
L the Weekly Notes.. 

FIRST BgNEFITTING PRCkECT: Space Tug 
MSFC - Form 3 6 0  (March 1979) 

. .  
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- STATUS: Technical Progress: (Continued) 

profile cable transitSon are presently belng tested and evaluated. 
method for making terdnations is being evaluated. 
cables are being evaluated for this application. 
information obtained from (1) Review and studies of the SRB Avionic Canister and Inter- 
connect Conceptual Designs. Component and HCC layouts will be made and converted to 
scale mock-ups in order to establish an optimum design with acceptable volume utili- 
zation and weight savings. 
study by Lockheed Missile and Space Company for the SEPS Solar Array Technology. 

Management Progress: 
weight aluminum FCC, terminations and connectors. 

Conclusions: None 

Problems : None 

Forecast: 

The 'rTermiPoint'4 ' Various types of flat conductor 
This in-house effort will also utilize 

(2) Monitoring, review, evaluations and assessment of a 

Fp-75 funds are being requested to start development on light 

This effore should continue through June 1976. 

L 
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I. TITLE: 

- Guidance and Navagatisn 
- -  

RESPONSIBLE tNOIVIQUAL: TELEPHONE: APPROVAL: 

. D. Ellsworth S&E-ASTR-SG 1 453-4583 IJ. L .  Mack 
ACCOMPLISHMENTS (Milestones. Problcrmr. Near term actlvltlss): 

ASK: 
=ti.al coordinate frame. 
uburn, Alabama - 

Investigate the problems of calculation of the Space Tug's position in an 
NAS8-?985? Auburn University Research Foundation, 

BJECTIVE(S): Tke objective of this task is to investigate the problems associated 
ith calculating the Space Tug's position in inertial coordinates. 
o be investigated will include periods when little or no measurable accelerations 
re present. Also to be investigated are the problem associated with updating the 
ehicle's attitude using onboard measurements in conjunction with ground or onboard 
omputations. Measurement sensors will include sun sensors, star trackers and either 
imballed or strapdown inertial measurement units. 

The problem areas 

PPROACH: The approach to be taken in this study effort will be to first identify the 
reas of concern, For each of these areas identified potential solutions will be 
dentified and investigated th analytically and numerically. Techniques used to 
olve the problems will include Kalman Filtering, math modeling of forces etc. 
ttitude update techniques e l l  be identified and sophisticated numerical procedures 
sed to solve the problem h ground based digital computers. Techniques will then 
e used to simplify the scheme for onboard implementation. Onboard computer 
equirements will be establjished for the navigation and attitude update schemes above. 

TATUS: TechnicaI Progress: Two meetings were held at MSFC to discuss the study areas 
nd the approach to be taken in performance of these activities. It was decided that 
he study effort should be primarily directed toward the periods of low (or zero) 

DATE 
TRANSMITTED . REPORTNO.: -?-mu€: AUTHOR(s): 

1 Progress Report for Joseph S. Boland 111 October 31, 1973 
9f19173 to 10!19/73 L 

2 Frcqgress Report for Joseph S. Boland I11 December 12, 1973 
rsjrs*/ 7 3 to P f / 19 / 7 3 

3 Pragress Repert for Joseph S .  Boland I11 January 5, 1974 
llPl9 / 7 3 to 112 I19 / 7 3 

4 Pmgress Report for 
L2P19/73 tcl 1/19/74 Joseph S. Boland IIS February 1, 1974 

5 m r e s s  Repcsrt for Joseph S. Boland If1 March 13, 1974 
1&%9/74 tQ 2fl9/74 

MSFC - Form 360  (March 197%) 
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hrust navigation, Tko techniques for navigating during these periods are to be 
.nvestigated. 

ique involves modeling the forces that will act on the vehicle 
.o determine accekirations and hence position and velocity. 
lade to perform nadgat-ion updates using celestial measurements (sun sensors, star 
.rackers). 
:apability. 

:elestial measurema&xi and the force models. 
kcheme also. 

,arametric studies of the two schemes and also to help determine the effects on 
ieasurements of the wehicle rotational dynamics. 

The first te 
An attempt will then be 

Analysis erf the proposed scheme will be conducted to determine performance 

iqne involves the use of a horizon sensor to supplement the The second te 
Similiar analysis is planned for this 

A six-degree-&--freedom digital simulation is being developed to perform 

Ianagement Progress: Two meetgngs have been held at MSFC during this reporting 
Ieriod. 
-eporting period. 
teld. It was postponed to better reflect the status of the study activities as 
;horn on the Milestme Schedule Chart. 

The'eontractnr is expected to request a no cost contract extension in the next 
The interim review scheduled for this reporting period was not 

:onclusions: None. - 
'roblems: None / 

'orecast: More activfty in the analysis area will take place in the next reporting 
beriod. The six-degzee-of-freedom simulation should be completed and Checkout. 

.yc 

MSFC - Fom 350-1 (March 197- 
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PAGE I OF 2 
. CENTER: 12. PERIOD COVERED: 3. CODE 

CURRENT NO.: PRIOR NO.: 01 73 31 0374 
909-55-10 909-55-05 MSFC 

). TITLE: 

Guidance and Navggafion 

t. RESPONSIBLE INDIVtebUAt: TELEPHONE: APPROVAL: 

D.O. Lowrey 205-4534 578 W.O. Frost 
t. ACCOMPLISHMENTS (MWstones. Problems, Near term activities): 

Task: Space Tug Scanning Laser Radar - 
The objective OF this effort wiil be to develop a Scanning Laser Radar sensor, which can be space 

qualified, that wiif  provide range, range rate, angle, angle rate,roll and roll rate data to meet the 
rendezvous and docking requirements of the Space Tug. Studies, designs, laboratory development and 
testing w i l l  be perfoamed to determine the optimum system design and performance parameters for 
rendezvous and dockhg with space targets. A scanning laser radar (SLR) can greatly facilitate Tug 
rendezvous and docking maneuvers for input into the spacecraft guidance and control system for auto- 
matic rendezvous a d  docking. The SLR wi l l  also provide data display information for man-in-the- 
loop system operation, 

Approach: 
ondmddification i n b  the current SLR prototype model. Better components wil l  be designed, develop- 
ed and incorporated 

Status: Technical Rrrgress ---- The. generation no. 3 laser radar has been set up i n  the laboratory 
f o r s t  and checkour., The outpuff power from the laser transmitter has considerably degraded i n  out- 
put power level. Inarestigations wil l  continue to determine i f  i t  i s  due to operational degradation of 
the laser or pulse power supply, 

The SLR for Tug appkations w i l l  be developed by incorporating design improvements 

enable the system to meet the Tug requirements. 

Development of Generation no. 3 
Scanning Laser Radar, Final 
Report of Phase 111 .  
January 1974. 

MSFC - FOZXR S 6 0 (March 1 S t  11 
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Status : ------ Technical Progress -(Cont'd) 
arsenide laser source have begun. The effort has not progressed to the point that results can be 
- 

- 

reported. The study effort was started during the last month of this reporting period. 

Management Progress: 

study investigation with IBM bas not been finalized, 
Gil f i l lan Division has been completed and a l l  residual components delivered. A l l  ITT contractual 
effort i s  now completed. 

The contract for the start of the C02 Laser Source tradeoff study i s  
. being negotiated with Norden Division of United Aircraft. The contract for a new laser diode 

The contract NAS8-20833 with ITT, 

Conclusion: The progress reported i s  on schedule. 

Problems: None 

Cause of Problem: ' None 

c 
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, RESPONSIBLE INDIVIDUAL: TELEPHONE: 

R. E. Stonemetz - 7 4 1 3 - 3 8 5 4  
I I . ACCOMPLISHMENTS (Milestones. Problsms, Near term activltles): 

TASK: Space LOX Vent System 

CONTRACT: NAS8-26972, General DynamicslConvair 

- 

OBJECTIVES: To design, build, and demonstrate a prototype vent system capable of t 
exhausting only vapor from an all liquid or two-phase mixture of oxygen under low or 
zero-gravity conditions. 

APPROACH: A literature search and an analytical investigation of various liquid-vapor 
separator concepts wil l  be conducted. i 
tiosr efficiency, weight, simplicity, and current technology, will be thoroughly analyzed 
A system design w i l l  be made, including a parametric study showing overall system weight 
efficiency, vented mass, etc., for specific design conditions. A prototype of the 
selected system w i l l  be designed, fabricated, and tested. 

S TAWS : 
selected and designed as the best overall system to meet the requirements for a zero- 
gravity LOX tank vent system for  ? to 30-day missions. 
ents have completed LOX compatibility testing. 
is ready for installation into the test tank. 

The most promising concept, considering separa- 

/ 

Technical Progress: A compact bulk heat exchanger vent system has been 

Individual vent system compon- 
System assembly has been completed and 

Management Propress: Current availability date for the test factlity is 
April 19, 1974, following completion of tasks under contract NAS8-27419, “Design and 

TITLE: AUTHOR(r): DATE 
TRANSMITTED 

, REPORTNO.: t 
GDC 584-4-716 

GDC 632-1-82 

G E  632-3-134 

First Quarterly: 3.A. Stark 6c J.R, Elliot Oct 8, 1971 
Space LOX Vent System 

Second Quarterly J.R, Elliot, MOD. Walter, Jan 21, 1972 
Space: LOX Vent Sys tem J.A. Stark 

Third Quarterly J.R, Elliot, J.A. Stark Apr 18, 1972 
Space LOX Vent System 

Design Phase Report S.A. Stark 
Space LOX Vent System 

Aug 10, 3.972 

- FIRST BENEFITING PROJECT: SPACE TUG 

MSFC . F O ~  s S O  (Narch 1 s I a ) 
-.- 

. 
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Development of Pressurization and Repressurization Purge Systems for Reusable Space 
Shuttle Multilayer Insulation Sy.stems." 
June 10, 1974. 

The 240-hour test program is expected to begin 

Concluoions: Analysis shows that the bulk heat exchanger concept best 
meets rhe requirements for a zero-gravity LOX tank vent system for 7 to 30-day 
missions . 

Problems: The contractor is not able to test the prototype system due to 
an on-going project in the test facility. 

Cause of Problem: Extension of contract NAS8-27419 for further testing. 

Problem Solution: Delay work on vent system until test facility is free 
(about June LO, 1974). 

Forecast: Expected completion is September 30, 1974. 

REMARIG: None 

_--- 
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I .  CENTER: 1 2. PERIOD COVERED: 3. CODE 
CURRENT NO.: PRlOR NO.: 

112-30-19 M a r s h a l l  Space F l ight  C e n t e r  101 10 73  31 03  74 1909-55-37 
1 I I 

4. TITLE: 

CRYOGENICS 
_---I_ 

I-. 

*,. f a t  SPON518LE INDIVIDUAL: TELEPHONE: 

E;ric W. Hyde 453 -3852 L. W o r lund 

TASK: 
6. ACCOMPLiStiMENTS (Mllastones. Probiams. Near tsrm activltletf: 

Study of Mult i layered  P i p e  Pene t r a t ion  and Long-Term Storage  of 
Cryogen ics  

:ONTRACT: NAS8-26642, Lockheed M i s s i l e s  & Space Company, Inc., Huntsvil le,  
A labama  

The  ob jec t ive  of th i s  p r o g r a m  is threefo ld :  IBJECTIVES: 
ata needed fo r  t h e  d e s i g n  of insu la ted  pipe pene t r a t ions ,  both s t a i n l e s s  s t e e l  and 
n c  onel/f ib e r  gla s hybr id  p e n e t r a t i o n s  extend in g through mul t i layered  in su la t  ion E lanket  s 
In cryog.en t anks ;  (2) Analy t ica l ly  model  and expe r imen ta l ly  ve r i fy  the  the rmoacous t i c  
Iscillations which spon taneous ly  occur  in  tubes  having an open end exposed t o  approx i -  
nately 4OK env i ronmen t  and  the closed end t o  ambien t  condi t ions;  and (3)  Analytica3.ly 
lredict  the  c r i t e r i a  f o r  t he  des ign  of l o n g - t e r m  cryogenic  s t o r a g e  con ta ine r s  of mini -  
nurn mass fo r  f u t u r e  l o n g - t e r m  space  expe r imen t s  r equ i r ing  c ryogenic  s t o r a g e  without 
eplenis  hment. 

LPPROACH: The  m u l t i l a y e r e d  pipe pene t ra t ion  is a t h r e e - p h a s e  p r o g r a m  devoted t o  
a r a m e t r i c  t h e r m a l  a n a l y s e s  wi th  the end r e s u l t  the genera t ion  of a complex  matrix of 
ata, a test p r o g r a m  t o  verify t h e  ana ly t i ca l  port ion of t he  p r o g r a m ,  and a combinat ion 
)f t e s t s  t o  help w d e r s t a n d  factors tha t  influence the  p r i o r  tests, such  as  outgassing,  
ALI r e s i d u a l  p r e s s u r e  and  a m b i e n t  s torage.  

( I )  P r o v i d e  t h e r m a l  des ign  

/ 

The the rmoacous t i c  o sc i l l a t ions  p r o g r a m  includes both ana ly t i ca l  p red ic t ions  and e x p e r i  
nenta l  ver i f ica t ion  of t h e  analytical r e s u l t s  t o  d e t e r m i n e  the  p a r a m e t e r ( s )  which wil l  

TITLE: AUTHOR(s): DATE 
TRANSMITTED t .  REPORT NO.: 

D225403 Q u a r t e r l y  P r o g r e s s  Repor t  G. D. Reny S e p 2 7 ,  I971 

D2 2 5 57 9 Q u a r t e r l y  P r o g r e s s  Repor t  G. D. Reny Dee 23, 1971 
D225792 Q u a r t e r l y  P r o g r e s s  Repor t  G. D. Reny Apr  5, 1972 
D306220 Q u a r t e r l y  P r o g r e s s  Repor t  G. D. Reny Sep 27, 1972 

0306392 Q u a r t e r l y  P r o g r e s s  Repor t  G. D. Reny J a n 4 ,  1973 

D30G 57 0 Q u a r t e r l y  P r o g r e s s  Repor t  G. D. Reny Apr  2, 1973 

Ju l  5, 1973 D306680 Q u a r t e r l y  P r o g r e s s  Repor t  G. D. Reny 

D306889 Q u a r t e r l y  P r o g r e s s  Repor t  J. K. Lovin Oct 1, 1973 

D390053 Q u a r t e r l y  P r o g r e s s  Repor t  J. K. Lovin Feb  5, 1974 

FIRST BENEFITING P R O J E C T :  Space Tug 

.- 
MSFC- Form 9 6 0  (March 1 9 7 8 )  
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result in the required combination of cri teria to establish the onset of the thermo- 
acoustic oscillations. 
non-linear form in order  to nullify the effects of linearizing certain parameters  which 
a r e  not considered to  be of second-order effect.. 

The design of long-term cryogenic stora.ge containers in order to maximize the effect- 
iveness of space experiments requiring six months t o  three years  duration will neces- 
sitate minimizing the mass of the storage system. A systematic variation of storage 
container configurations, including liquid cryogens, solid subliming cryogens , vapor 
shields, space radiators and combinations of these wil l  be analytically modeled for 
maximum efficiencies (or minimum m a s s  requirements). 

This requires  the solution of the Navier-Stokes equations in a 

STATUS: Technical Progress: Analytical modeling of the penetrations analysis, 
with variables of penetration diameter, wall thickness and insulation length has been 
completed. 
is well underway. 

The thermoacoustic analytical modeling requirements have been completed, with com- 
puter checkout runs being performed for both total system checkout and prediction of 
experimental results to be performed. 
liquid helium and liquid nitrogen as cryogenic sources , and aluminum and stainless 
steel tubes. 

The experimental verification of these modeling requirements and variable: 
Coldized Kapton is the multilayered insulation being used. 

The experimental tasks wil l  begin shortly using 

The analytical modeling of the long-term storage cryogenic containers has just been 
in it ia t e d . 
Management Progress:  
amendment for the purpose of expanding subjects related to  thermoacoustic oscillation 
analytical treatments and to  improve testing techniques. 
the performance of additional studies related to  the long-term storage of liquid helium. 

The basic  contract has been amended nine times, with the lates 

The modification will allow 

Conclusions: The multilayered insulation pipe penetrations tes t s  have confirmed, withii 
reasonable limits, the predictions as made by the analytical modeling techniques. 
These have been more closely matched through temperature distributions than through 
net m a s s  flow measurements. 

The thermoacoustic oscillation analytical model is operational. 
not clearly defined the criteria for onset of the oscillations, but this is due to  the lack 
of the correlation of parameters  which a r e  to be defined during the study. 

Problems: Problems were  encountered early during the contract upon procurement of 
the cryostat to  be tested. 
quiring fabrication of a new cryostat. 
for sealing purposes. 
postponements. The analytical modeling techniques used in the therrnoacoustic oscil- 
lations computer program required complex scaling techniques in order t o  reduce the 
real-time computer requirements, forcing delays in obtaining meaningful oscillation 
results. 

The results to  date hav 

Due t o  faulty welding techniques, fractures developed re -  

Multiple failures in flowmeter sensors  required repeated test  
An additional flange was required to  be fabricate( 

Cause of Problems: o Cryostat failure - improper welding 
technique 8 

Flange failure - improper seal  method o 

WSPC - Form 350-1 march 1973) .. 
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o Flowmeter failures - cause apparently 
equipment weakness 

Scaling factors - inordinate complex 
solution technique of non-linear 
Navier -Stokes equations 

o 

'robfern Solution: A l l  described problems have been solved with no additional fffixesf'  
L nt ic ipa t ed. 

Forecast: The multilayered insulation pipe penetrations tests,  thermoacoustic oscil- 
ations modeling and t es t s  and the long-term cryogenic storage model studies are 
mticipated to  be completed in the second quarter of FY75. 

, 

MSFC I Form 350-1 (Mnrch 1973) 
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PROGRESS REPORT 

i 1 OBJECTIVE(S): The o b j e c t i v e  w i l l  be t o  develop a curved s h e l l  f i n i t e  element which i 
w i l l  accurately determine antisymnetry s h e l l  v i b ra t i on  modes and dynamic response i n  . 

a so lu t i on  time ef fect iveness.  The element or elements w i l l  be implemented i n t o  the 
MSFC NASTRAN program, . 

APPROACH: The approach w i l l  be to  assess the curved s h e l l  f i n i t e  element state-of- the- , 
, 

1 * !  a r t  and from the  assessment r e s u l t s  se lect  the most promising element and implement the 
I element i n t o  the. NASTRAN program. A f te r  implementation, the element w i l l  be . 

i evaluated i n  i t s  a b i l i t y  to model the Space Tug vehic le  and produce accurate modes 
and responses. 

STATUS: Technical Progress--The computer coding for the curved she l l  element i s  now 
being developed for NASTRAN Level 15.5. 
Management Progress-The NASTRAN documentation and program tape fo r  the UNIVAC 1108 
version was del  iwered t o  B e l l  i n  December 1973, by the MSFC program monitor. The 

Concl us ions, Pruhlems, & Forecas t--None 

I 
t 

I progress was reviewed and determined to be sa t is fac to ry .  

i 
I 

AUTHOR($): DATE 
7. REPORT NO.% TBTU: TRANSMITTED 

2523-950002 NASTRAN Imp1 m e n t a  t ion o f  the Michael C. Apostal Oct. 73 
Transformed Shal low She1 1 Element Stephen Jordan 
for  S p c e  Tug Appl icat ions 

f 

t 

i _-_--.__--__-_------.---------~-----------~------------------*----------~--------.-- ----- 
FIRST BENEFITTING PROJECT: Space Tug E Space.Shuttle 

! 
- 

'MSFC-Form860 (Marchllb71) 
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A e r o e l a s t i c i t y  
). RESPONSIBLE INOtVIDUAL: TELEPHONE: APPROVAL: 

:&E-AERO-DD, Mario H. Rheinfurtq 205 - 453-2470 I Robert S. Ryan 
i. ACCOMPLISHMENTS (Mllastones. Probtcmr. Near term rctlvltler): 

TASK: 
Contract Number NAS8-29747; Lockheed Missile & Space Co., Inc,, P.0. Box 504, Space 
Systems Division, Sunnyvale, Ca l i fo rn ia  - 94088 

Study on Space Tug Automatic Docking Control - 

OBJECTIVE(S): 
system f o r  autonomous docking and compare t h i s  mode with remote control .  
docking sensor and hardware requirements w i l l  be spec i f ied .  

The s tudy  will be used t o  generate design requirements f o r  t he  a t t i t u d e  
I n  add i t ion ,  

APPROACH: Phase A. 
by both manual and computer searching. 

L i t e r a t u r e  Search - The l i t e r a t u r e  search  w i l l  be accomplished 

Phase B, Terminal Control S t r a t eg ie s  and Sensor Requirements - The 

Data t o  determine the  sensor requirements w i l l  then be derived by 
base l ine  docking con t ro l  s t r a t e g i e s ,  sensors,  and hardware w i l l  be incorporated i n t o  
t h e  simulation, 
simulation and ana lys i s .  

Phase C. Inf luence  of Docking Xechanism - Docking accuracy spec i f i ca t ions  
f o r  d i f f e r e n t  mechanisms will be derived. 
noise, r e so lu t ion ,  and b i a s  of t he  sensors. 
be compared t o  the s p e c i f i c a t i o n  t o  a s c e r t a i n  the  p robab i l i t y  of a f i r s t  attempt a t  
successfu l  docking. 

The sjmulation w i l l  be run  varying the  
End conditions of the  simulation w i l l  then 

1. REPORT NO:: TITLE: AUTHOR(r): DATE 
TRANSMITTED 

FIRST BENEFITTING PROJECT: Space Shut t le-Tug 

MSPC- Form 3 8 0  (Much 1 9 7 ) )  
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APPROACH (CONCLUDED) : 

Phase D, Effects of a Missed Docking Attempt on Tug Propellant Consumption 
and on the Payload Control System - The end conditions listed by the previous phase 
will also include the angular momentum imparted to the payload. In addition to 
knowing the Tug thrusters attitudes and separation from the payload, the angular 
momentum caused: by impingement would also be calculated. 

Phase E. 
In addition a one-day seminar and training session, using the program 

Program Documentation - Complete user's documentation will be 
provided. 
documentation, will be held. 

STATUS: 
Technical Progress-The literature search has been.completed and a bibliography was 
prepared. 

The docking Meclianism Design Study has been completed. 
were analyzed and rated. 
highest. Two clocking control strategies, (proportional guidance mode and explicit 
guidance) have been formulated and are being implemented into the simulation. 
also recognized that a realistic docking simulation should incorporate low-g propellant 
slosh effects. 

Five docking mechanism designs 
The International Docking Mechanism (Apollo/Soyuz) was rated 

It was 

A technical brief is being prepared to simulate propellant slosh. 

Management Progress--Docking strategies coordination meeting was held in November 1973. 
Also discussed were l o w - g  propellant slosh and the Standard Characteristics for Analys is .  
The Mid-Term Review meeting is scheduled for the end of March. 

Conclusions- -None 

Problem--The Hybrid computer facility at LMSC-Huntsville is in the process of being 
sold and is not available for use. 
has been submttted and is being reviewed. 

A request to MSFC for Hybrid Computer Lab Support 

t 
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I .  CENTER: 

HSFC 
0. TITLE: 

- Aeroehsticity - 
. TELEPHONE: APPROVAL: 5. HESPONSIBLE INDIVIDUAL: 

;&E-AERO-DD, Mario H, Rhelnfurtq 205 - 453-2470 Robert S, Ryan 1 
5. -ACCOMPLISHMENTS (kRlsstonn. Problems. Near tsrm xtlvltlm): 

7 TASK: Space hcavery of Sp'inning Satellite 
Contract Number MS8-29627; Northrop Services, Inc,, 6025 Technology Drive, 
P. 0. Box L484 ,, Runtsville, Alabama 

OBJECTIVE(S1: 
requiring a m 5 m U m  of modifications to Tug design. 
single reco.v;ery system capable of recovering both spinning and non-spinning satellites. 

APPROACH: Phase A, Evaluation of Docking Mechanisms .. Several docking mechanisms will 
be investigated for their applicability for recovery of spinning satellites, 
more mechanisms will be recommended which appears most feasible and requires the least 
Tug redesign., 

Deyelop techniques for the recovery of free spinning satellites, 
A desirable result would be a 

One or 

Ptiase B, Capture Boundaries - Establish capture boundaries for retrieving 
spinning satelUtes in terms of initial misalignments and dynamic conditions. 

Pliase C, Stability Analysis and Dynamic Studies - Establish stability 
limits and perform dynamic simulations of all phases of the docking maneuvers including 
missed docking attempts, 

1. REPORT NO.: TITLE: AUTHOR(r]r DATE 
TRANSMITTED 

N/A 

FIRST BENEFITTING PROJECT: Space Shuttle-Tug 

.- MSFC-Form360 (March 1 S 7 1 )  

- 
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APPROACH (CONCLUDED) z 
requirements f o r ,  a d  ementation o f ,  docking sensors. Es tab l i sh  t r a n s l a t i o n a l  
and a t t i t u d e  con t ro l  b g i c  t o  accomplish i n i t i a l  capture and subsequent despin and 
nard docking. 

Sensor Requirements and Control Logic - Inves t iga t e  

Logic inc ludes  a c t i o n  t o  be taken i n  the event of unsuccessful docking 
a t  tempt . 
STATUS: 
Technical Progress-Several docking mechanisms have been invest igated.  
Douglas Docking System was s e l e c t e d  as the  most s u i t a b l e  f o r  capturing spinning ta rge ts .  
The ana ly t i ca l  equat ions descr ib ing  the  motion of two coupled bodies t o  be used i n  the 
s t a b i l i t y  ana lys i s  were derived and are being programmed f o r  d i g i t a l  simulation. 

- 
The McDonnell 

A -del f o r  the r o d - r i n g  docking mechanism has also been developed, and l o g i c  f o r  
de tec t ing  unsa t i s f ac to ry  docks has been defined. 

The s t a b i l i t y  analysis using the a n a l y t i c a l  equations of motion is  present ly  continding. 
&amination of the -tare and requirements for despin torques has  begun. 

Management Progress--% analytical equations of motion f o r  two r i g i d  bod€es connected 
a t  a s i n g l e  point  have been submitted by the  contractor  f o r  ve r i f i ca t ion .  
meeting is  scheduled for A p r i l  t o  review pas t  work and discuss  planned f u t u r e  a c t i v i t i e t  

A midterm 

Conclusions--None 

Problem--None 

Causes of Pro b l  ems --None 

f 
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MSFC 01 10 73 31 03 74 
. TITLE: 

Aeroelasticity 

TELEPHONE: APPROVAL: . RESPONSIBLE INDIVIDUAL: 

S&E-AERO-DDS 
Frank M. Bugg 205f453-2526 Robert S. Ryan 

_I_ TASK: Experimental Study Transient Liquid Motion in Orbiting Spacecraft, 
Contract No.. WS8-30690, rtin Marietta, Denver, Colorado. 

. ACCOMPLISHMENTS ( I W l e S t o n O S .  ProblcrrPz, Near t8rm rctlvltle;): 

OBJECTIVE: 
during docking. 
model with experimental results. 

DeveXop a compeer model of propellant in a spacecraft propellant tank 
The mode% must be suitable for use in control studies. Verify the 

APPROACH: 
tank during docking. Use =quid mass density, viscosity, surface tension, and contact 
angle with tank acceleration and characteristic length as variables for determination ol 
scaling parameters. 
above using a powt mass representation of the liquid and correlate the experimental ant: 
computer results.. 

Conduct exper%xents to simulate liquid motion in a spacecraft propellant 

Develop a computer simulation of the liquid dynamics described 

STATUS: Technicd Progress - A scaling study is underway. 
Management Progress - C o n t r a c t  NAS8-30690 was let t o  Martin Marietta February 20, 1974. 

Problems - None 
Forecast - Drop test: plannkg and execution should be accomplished during the coming 
six months. 

Conclusions - None 
. REPORTNO.: T7TtE: AUTHOR(r)r DATE 

TRANSMITTER 
'b 

-- 
MSFC-Farm360 (Marchl97J)! 
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MSFC 01 i o  73 31 03 74 

Environmental & U a E % Y  

RESPONSIBLE I NO1 V I DUA I-: TELEPHONE: APPROVAL: 
Werner X. Dahm 
Sa-AERO-A 205- 453-1092 Werner X. Dahm 

t I 
, ACCOMPLISHMENTS (MlieJtona. Problems, m r  term actlvltl6s): 

TASK: 
m - 3  03 79 
Combustion'& Explosisres Research, Inc., 1007 Oliver Building, P i t t sburgh ,  PA 15222 

Study of S p w e  Tug Prcqellant Duping  During Space Shu t t l e  Abort 

OBJECTIVE(S): 
caused by the  dumping of Space Tug propel lan ts  during Space Shu t t l e  launch abort ;  t o  
arrive a t  a pre l iminary  def in5t ion  of permissible and nonpermissible times and modes 
f o r  t h e  d u p i n g  of emogenic  or hypergolic propel lants .  

To perform 8 prel iminary study of combustion and explosion hazards 

PLPqROACH: 
plumes,' propuls ive Set plumes, and surrounding air  f l o w .  
corresponding hazards. 

STATUS: 
f i n a l  repor t  has been received and approved. 

Management Progress -- The e m t r a c t  has been signed and completed during t h i s  report-  
ing period. 

MSFC prov5ded prel%ninary f l o w  f i e l d  estimates f o r  the propel lan t  dump 
Contractor inves t iga ted  the 

Technical Progress  -- The cont rac t  has been completed i n  March 1974. The 

Conclusions -- The abJec t ive  has been accomplished. 
by MSFC i n t o  a prelk%inary assessment repor t .  

"he re su l t s  are  being incorporated 

Problem -- None 

Forecast  -- None 

Combustion & Explas- S t w  af Space Tug Pro- D r .  Bernard Lewis 
ives  Research, Inc. pellant Dumping During &. Bela Karlovi tz  % n/a 
March 12, 1974 

~ 

_z 

. REPORTNO.: TlTLEr AUTHOR(r)i DATE 
TRANSMITTED 

Space S h u t t l e  Abort 

FIRST BENEFITTING PROJECT: Space Shu t t l e  

.- .- 
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1909 -5 5 -47 

2. PERlOD COVERED: 

01 10 73 31 03 74 
1 1. CFNTER: 

MSFC 
--- a. I ITLE:  

Environmental Quality 

_-I- 

fi4ESPONSIBLE I N D I V I O U A L ~  TELEPHONE: 

205/453-3140 
$ 

Robert E. Smith 
Y -- ,. ACCOMPLISHMENTS (Mllertoner. Problems. m a r  term actlvitles): 

TASK: Dynamic, Three-Dimensiona.1 Atmospheric Models 
Contract NQ, NAS8-28248, University of Alabama, Huntsville, RL 35810 

OBJECTIVES: To develop dynamic, three-dimensional atmospheric models which a r e  
realistic representations of existing conditions. 
on trajectories, guidance, and heat in-g of re-entering space vehicles. 
be on dynamic aspects of environment. 

These models wil l  be used for studies 
Emphasis will 

APPROACH: The short-term approach w i l l  be to analyze atmospheric variations in 
available data and to empirically model th.ese variations t o  improve the representative- 
ness of current engineering atmospheric models. The longer-term approach is to 
combine theories and observations to develop global three-dimensional atmzspheric 
models based on available and future data and including all known energy sources, 
transport effects, a d  vert ical  and horizontal motions. 
direct inputs into air braking and related activieies to permit relative assessment of 
pertinent design trade-off parameters  and configurations. 

Results of studies wi l l  provide 

STATUS: 

Technical Progress :  (a) The la effect computer program has been modified 
to employ the l i f t  and drag properties of a f l a t  plate. 

(b) A range of gas surface interaction parameters is 
being used in the dual. falling sphere evaluation. 
. REPORTNO.: Tlf lE: AUTHOR(r): OATE 

TRANSMITTED 

N / A  lecule Diffusion of Spherical t 
and Cylindricah Particles G, R. K a r r  N/A 

N / A  Dual Falling Sphere Determination of 
DensLty and Transit ion Flow Parameter  G. R. K a r r  N / A  
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CURRENT NO./CODE: 

PROGRESS REPORT 909-55-47 
RESEARCH AND TECHNOLOGY OPERATlNG PLAN 

(Continuation Sheer) PAGE 2 OF 3 
STATUS: 

Management Progress:  No  change. 

Conclusions: Falling sphere evaluation is providing data on the transition 
flow regime and aerodynamic characteristics in that regime. Some temperature data 
have been retrieved from the falling s p k  re analysis;  however, some additional gas- 
surface interaction need to be analyzed. 

Problems: Limited number of available dual falling s p h  r e  data place a 
limit of the validity of the results derived by this technique. 
promising and may be worthy of making additional falling sphere measurements. 

Technique is very 

Forecast: Determination of effects of additional vehicle-parameters on 
drag determined densities m a y  become so involved and complicated that establishment 
of a model atmosphere containing all of the short  period fluctuations may not be 
possible in the current  time frame. 

, d '  

- 
MSFC - Form 350-1 (March 1973) 
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RESEARCH AND TECHNOLOGY OPERATING PLAN 

Food, Wtmsphere, Water and Waste Management 
RESPONSIBLE I NDI V I  DUAL: TELEPHONE: APPROVAL: 

S. E. Clonts 1 205-453-3828 G. 0. Hopson 
ACCOMPL!SHMENTS (Milestones, Probleffls Near term aCtivltl8S): 

- TASK: Analytical Methods for Evaluation and Control of Advanced EC/LSS 
NAS8-28982 McDonnel1 gbuglas Astronautics Company, Huntington Beach, dA. 

OBJECTIVE: The obj'ective of this study i s  to produce a mathematical model utilizing 
the G189A computer program that completely maps and determines the operating conditions 
and characteristics of the RITE Integrated Waste Management Water System. 

APPROACH: For mathematical modeling, the RITE system will be divided into its constitu- 
ent loops, low temp heating, flush water, air, solid waste, vapor, potable water storage 
cooling and high temp heat source. These loops will be investigated to determine the 
compatibility w i t h  GT89A. 
renovating existing, subroutines, A mathematical model will be made o f  each loop, the 
loops will then be combined bo form a cohesive and complete RITE system mdel. 
formance analysis will be made and correlated, with experimental data to ensure model 
va1,idity. This mdef will then be made compatibile and operational on MSFC's 1108 
EXEC 8 system. 

Any incompatibility will be corrected by devising new, or  

A per- 

STATUS: 
' 
Technical' Prosress - The investigation into the compatibility of the G189A 
program for use in modeling the RITE system indicated the need for programming 
of four new subroutines and renovation of one existing subroutine, 
subroutines are for the RITE systems evaporator, condenser, pyrolysis  unit, 
incinerator and tank with internal heating or cooling coil and have been 
checked OUT and integrated into the Gl89A computer program. A complete opera- 
tional envetope including failure mode analysis uti1 izing this model has been 

These 

. REPORTNO.: 

1 thru 10 

MDC G4901 

AUTHOR(r): DATE 
TRANSMITTED 

TITLE: 

Analytical Methods for Evaluation J. V. Coggi 
and Cbtxtro1 of Advanced EC/LSS I thru 7, 1973 

10 t h p  12, 1972 

Analyt.ica1 Methods for Evaluation J. V. Coggi 11-73 
and Cmtro1  of Advanced EC/LSS A. V. Loscutoff 

R. S, Barker 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

FIRST BENEFITING PROJECT - Sortie Lab 
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TechnicaT Proqress - Cont'd 

made o f  t h e  RITE system. 
computer complex, 

This model i s  c o m p l e t e l y  f u n c t i o n a l  on MSFC's 1108 

Conc lus ions :  Th i s  c o n t r a c t  has  been completed.  A1 1 documentation and f i n a l  
r e p o r t s  have  been completed and publ i shed .  

Problems - None 
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PROGRESS REPORT 

PAQE 1 of= 2 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

'1. CENTER: 2. PERlOD COVEREO: 3. CODE 
CURRPNT .NO. I IPRIOR NO.: I 

MS FC 101 10 73 31 03 74 I 970 - "  67 21 I 970 - -  67 2 1  
4. TITLE: 

Water and Waste Management 
5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

J. L. Poses 205-453-3832 G. 0. Hopson 
'6. ACCOMPLISHMENTS (Milestones, Problems. Near term activities): 

- TASK: vacuum D i s t i  ftation/Vapor F i  1 t r a t i o n  (VD/VF) Water Recavery System 
NAS8-27461,, General American Transportation, Niles, 11 1. 

OBJECTIVE: To develop a system fo r  reclamation o f  water from ur ine  i n  a l o w  grav i ty  
environment. System must reclaim 98% o f  urine, p u r i f y  to levels prescribed by the 
National Academy o f  Science (NAS) and provide means of sol ids removal. Other design 
goals 
abi I i ty  and minimum maintenance, 

are : weight of under 175 Ib., power consumption less than 200 w,  high r e l i a -  

APPROACH: A prototype unit has been designed, b u i l t  and tested on the ground. Further 
test ing w i l l  be accomplished i n  low "g" a i r c r a f t  f l i gh ts .  
phases. 
provided condenser/separator and systems tests.  
tes ti ng. 

STATUS: 
production o f  water t h a t  meets W5 requirements, water recovery rates as predicted, 
Design f o r  low grav i t y  tes t i ng  was completed and fabr icat ion was begun, fabr ica t ion  was 
not completed due t o  cost overruns. 

Work was accomplished i n  
F i r s t  phase pmvided evaporator/catalyst and subsystem tests, second phase 

Third phase was t o  provide low grav i ty  

/ 

Technical' Proqress - Unit  has been designed, b u i l t  and tested i n  1 "g", w i t h  

Manaqement Pmqress - Contractor under b i d  by approximately $40K. funds were 
not avai lable f o r  completion of Phase I I 1  and therefore the pro ject  was terminated. 
Th is  w i l l  be the l a s t  semi-annual report  on t h i s  contract, 

AUTHOR(5): DATE 
7. REPORT NO.: TtTLE: TRANSMITTED 

1528 Des i'gn:,, Manufacture and Checbut Honegger Remus ABr i l  1972 
Testing of an Evaporator for  Water 
Recxlvery-by Vacuum D i s t i  1 l a t i o n  - 
Phase 1, 

Krug 

1528 D i t t o ,  ..e Phase I 1  Honeg ger 
Remus 
Krug 

March 1973 



257 
, 

, RESEARCH AND OLOGY OrERATlNG PLAN 

ConclusFoons - VD.YF u n i t  reclaims water e f f i c i e n t l y  wi th  high degree of purity, 
exceeding NAS standards. 

Problems - Due to cost overruns the f l i g h t  portion of the tes t  program was 
cance 1 1 ed. 

t 

I 
i 

! 

I ! 
I 
i 
i 

i 

i 
_I_,.. .e - 

MSPC - Form 350-1 (March 1913) 
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CVT EC/LSS Support Program 
5 .  RESPONSIBLE l NDt V I DUAL: TELEPHONE: APPaovAL: - 

D. C. Clark 205-453-3828 G. D. Hopson 

TASK: - 
6. ACCOMPLISHMENTS (Miredones. Problems. Near term activities): 

Study/lntegration of the Bosch C02 Concentrator With the Hydrogen Depolarized 
CeI I co Concentrator (HDC) 
NA58-29923, Life Systems, lnc. (LSI), Cleveland, Ohio 

OBJECTIVE: 
1-3 PSIG discharge pressure of the HDC. Resolve pressure fluctuation problems associ- 
ated with switch-rrver from one Bosch unit to the other, with resulting operational im- 
pacts on the HDC. 
tween the Bosch and the HDC, 

APPROACH: 
made to determine effect of Bosch operating characteristics on HDC. Test program to 
confirm analytical findings, suggested operating and control modifications to Bosch 
and t!DC wi 1 1  be recamended. 

STATUS: Technical Broqress - Preferred Bosch operating characteristics were obtained 
from the Bosch p r i m  contractor, and 200 hour evaluation tests were run with a one man 
HOC to determine the  impact o f  these conditions on the HDC. The first test was run 
with the HDC exhaust supplying an H2/C02 ratia of 2, which is favored by the Bosch. 
No adverse conditions were detected with the HDC, as a matter of fact, efficiency was 
improved from 78% ta 82% by operating in this mode. 
.run maintaining the exhaust gas H2/C02 ratio mentioned above and increasing the exhaust 
gas pressure to 4.5 PSI (necessary to supply reacting gasses to the Bosch re-cycle 
control system). 

Determine whether or not the. Bosch can be operated satisfactorily at the 

Determine the amount of instrumentation communication required be- 
Confirm data outlined above with testing. 

1 
Both the Bosch and HDC will be mathematically modeled and computer analyses 

I 

A n  additional 100 hour test was 

The results o f  this test indicated that there were no problems associe 
7. REPORT NO.: TlTlE: AUTHOR(r): DATE 

TRANSMITTED 
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PAGE 2 OF 2 c_ (&dnuatioa Sheet) 

Techn i 'cal PfQWess b n t  'd  

:,+'/ ~ p e r a t i n g ,  the HUC a.2: t h i s  Pressure level. 
H;f*nine the i m p < %  0 

.The Boscfj opefat  c: 
~~ 'IdQVer. lit .ria% de  
d ,  " 
o,  /,n p ~ s e d  any d i  f f f  

4 t h  systems to d c t  
The ctonclusjcCPn which resu l ted  from t h i s  study, and which w i l l  be used as a 

YQ,:lng pr inc i 'p le  i n  f u tu re  i n teg ra t i on  e f fo r t ,  i s  t ha t  to lerance 1 im i t s  on in ter face 

:fther system,  ~r starPdbY,dumP, O r  shutdown mode w i l l  be e f fec ted  w i t h i n  the o t h e r .  i r  

accommodate system f luc tua t ions  occurr ing i n  f a i  l u r e  nodes urr,. 

WC, 1 #  4 be excess I ve  1 Y 
/ . ; . is  of HDC exhaust gas was run t o  determine po ten t i a l  contaminants which could a r i t  

ai-' 

Further s tud ies have been conducted to 
the d i f f e r e n t  Bosch system operat ing modes on operat ion o f  the 
g modes studied were startup, shutdown, steady s t a t e  and reactor 
mined t h a t  a pressure r e l i e f  type dump valve would be required 

t y  to the  HDC. 
inc what cont ro ls  

,bqcludt ov,er press zation of the  HDC when the  Bosch is shut down. No other  con- 
A f a i l u r e  modes and e f f e c t s  analys is  was run 

would be requi red t o  accommodate anticipatec 
f,, , ,res, 

. I 1cR1 parameters w I E I  be establ ished fo r  each System, if t k s e  l i m i t s  are exceeded 

Controls r e c p i r  
ex f o r  the s l i g h t  system gains effected. A spectrographic 

- f t  the c a e a l y t l c  reaction of t h e  b s c h  system, none were found, 

hnaqement Prowess  - The procurement request f o r  the FY 74 cont inuat ion o f  
tti ,  a f fo r t  has been forwarded to procurement, and an RFQ i s  i n  progress. 

~onc~:us ions  ..I Tenta t ive ly ;  no d i f f i c u l t y  in i n teg ra t i on  between Bosch and HOC. 
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EC/LSS Suppo r t Program 

RkSPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

t ,  W. t i t t l e s  205-453-383 1 G .  D. Hopson 

'ASK: - A i r c r a f t  F l  i g h t  Testing o f  F lu ids I n  a Zero Grav i ty  Experiment 
NASl-l:173!iS General Dynamics, San Diego, CA. 

. ACCQMPLISHMENTS (Mllastonq Problems. Near term sctlvltlsr): 

IBJECTlVE:  To f l i g h t  tes t ,  a t  reduced grav i ty ,  in  an a i r c r a f t  an experiment i n  f l u i d  
ranagement. The t e s t  resu l t s ,  along w i t h  r e s u l t s  to  be obtained a t  standard g rav i t y  
In the same hardware, w i l l  be used t o  va l i da te  and update ana ly t i ca l  models compiled 
inder a previlous contract, 

LPPROACH: Hardware has been fabr ica ted  which w i l l  be used to provide experimental data 
'rom laboratory  and KC-135 a i r c r a f t  tes ts  on the g r a v i t y  e f f e c t s  associated w i t h  the 
'o l lowing f l o w  phenomena: (a) two phase f low (b) i n e r t i a l  separation and (c) f i l m  t rans-  
m r t  and s t a b i : I i t y  charac ter is t i cs .  The data w i l l  be used to  va l i da te  a n a l y t i c a l  r o d e i s  
:or these f lu id  f l o w  s i tua t ions ,  The hardware i s  modularized so t h a t  the f l u i d  flow 
,ect ions can be replaced to prov ide t h e  conf igurat ion requi red for a given flow condi- 
:ion. The p o w e r  supply and instrumentat ion packages are i n  a separate module and are 
:he same for a11 f l o w  experiments. 

;TATUS: - Techmica1 Proqress - P r e f l  i g h t  ground tes ts  and KC-135 51 i gh t  t es ts  have been 
comp>lieted and data are being ana 1 yzed. 2 

Manaqetrment Proqress - None 

Concl'usions - None 

ProbT'ems - None . REPORTNO.: TITLE-. AUTHOR(s): OAT€ 
TRANSMITTED 

3 .  N/A Senso r Stu d i es 

3. N/A Qh jec t ives  o f  the  Prototype 
Experiment Program 

2. N/A HarPdbook o f  Ins t ruc t i ons  .. 
Pmtotype Experiment System, 
\Ibi l! * I+ I 

d.  N/A Ebnw.gement Plan for  Hardware 
Iopment - Prototype Experi- 

memt4ystem 

D. Heppher Apr 1 

J. Burnet t  Apr i 

J .  Burnett  Apr i 

1973 

1973 

1973 

J. Burnett  May 1973 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . -  

FIRST BENEFITING. PWQJECT - Sortie Lab (F1 i g h t  Experiment) 
m u _  - 

hnSFC-ForrnSb4 (March l D l t 3  
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PROGRESS REPORT 

1 OF 2 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

PAGE 

. CENTER: 2. PERtOD COVERED: 3. CODE 
CURRENT NQ: CRIOR NO.: 

MS FC 01 10 73 31 03 74 970-62-40 970-62-20 
. TITLE: 

C V T  EC/LSS Support Program 
,. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

J, L. Moses 1 205-453-3832 1 G, 0. Hopson 
,. ACCOMPLISHMENTS (Mllestonas, Problems Near term actlvltier): 

TASK: Advanced Life Support System Cost Study 
NAS8-28377. MDAC-WD, Huntingeon Beach, CA. 

OBJECTIVE: 
mating resource requirements for advanced f 1 ight type 1 ife support systems. 

APPROACH: The approach for this phase will be to develop cost estimating relationships 
1 C E R s ) n  subsystems including thermal control, atmosphere pressurization and waste 
management along the lines o f  the previous phase of the contract. Additionally the 
cost estimating reTationships for development of flight experiments will be identified. 
The cost impacts o f  experiment size/capacity, degree of sophistication of experiment 
equipment and commna1 ity of experiment equipment will be part of  cost estimating re- 
lationships to be developed. Ten fl ight experiments will be cost analyzed, Additional 
validation of  the techniques fo r  arriving at cost estimating relationships will be 
accomplished by means o f  cross checking the techniques against equipment that has al- 
ready been built, but was not used in the establ ishment of the original CERs. 
lar point o f  interest is in regard to effect of material substitution on the CER. 

STATUS: Technical Proqress - First phase is complete. Work has begun on second phase 
described in the Approach. 

To develop and correlate costing and resource relationships to aid in esti- 

A. particu 

Manaqement Proqress - Proposal has been received, reviewed and approved. Work 
is under way. 

’. REPORT NO,: TITLES AWHOR(r): DATE 
TRANSMITTED 

HOC 64031 Cost Analysis of C 0 2  Concentra- M.M. Yakut &ne 1973 
tors 

MDC 64032 C o s t  Analysis of Water Recovery M.M. Yakut June 1973 

MDC 64033 Cost,  Wnalysis o f  Oxygen Recovery M.M. Yakut June 1973 

MDC 64034 Cost Analysis o f  Atmopshere Man!- M.M. Yakut June 1973 

MDC 64030 Summary Report M.M. Yakut June 1972 

Systems 

tor i ng Sys terns 
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CURRENT NO./CODE: 9 

1 
970-67-40 

RESEARCH AND TECHNOLOGY OPERATlNG PLAN i 
! (Conrinurtion Sheer) PAGE 1 OF 2 
I 

Conclusions - Cost escalates rapidly a f t e r  construction of a typical  non- 

I n  addition, due to  
qua l i f i ed  high f i d e l i t y  prototype subsystem. 
program c o s t  the r e s t  i s  in tegrat ion and qual i f icat ion c n s t s .  
changes, etc., deslgn costs r i s e  by 6V4 a f t e r  "mrnpletion" o f  the design. 

Prototype cost i s  about 10% o f  the to ta l  

Problems - None 

MSFC Form 350-1 (March 1973) 



CvT EC/LSS Support Program 

!. RESPONSIBLE INDIVIDUAL: TELEPHONEz APPROVAL: 

R. L. Middleton I 205-453-3828 G. D. Hopson I 
,. ACCOMPLISHMENTS (Mllsrtooss, Problams. NsJr tWm .CtlVltIOS): 

- TASK: Radioisotope Water and Waste Management System 
ti-79269, General E l e c t r i c ,  Val  l ey  Forge, PA 

OBJECTIVE: Develop a complete system to process a l l  waste products from advanced 
manned spacecraft w i t h  minimum human contact. 

APPROACH: The current  program is a j o i n t  AEC-NASA e f f o r t .  The system processes the 
nominal 4 man quan t i t i es  o f  waste: u r i ne  - 14 lb/day, t rash  - 1.2 lb/day, feces - 1.2 
lb/day, wash water - 24 lb/day and condensate water - 20 lb/day. Using radioisotopes 
as thermal energy sources, these inputs  a re  processed by evapcrat ion/pyrolysis i n to  
d i s t i l l e d  potable water and the  so l i ds  by inc inera t ion  i n t o  d ry  ash. The processed 
and stored water i s  maintained a t  160°F u n t i  1 use t o  preserve s t e r i l  i t y .  The program 
has been conducted by means o f  analys is ,  component tes ts  shor t  durat ion (10 day) sys- 
tems tes ts  and a 180 day system v e r i f i c a t i o n  test .  Following the successful completion 
o f  the 180 day test ,  m i n o r  rev is ions  were made t o  the system i n  the areas of shaft seal 
inc inera tor  transport, etc., and a shor t  t e s t  performed. 

STATUS: Technical Proqress - A breadboard and two 10 day system tes ts  were performed 
t o  prove. the conceptual design o f  the  system. During these tests ,  the water met a l l  
National Academy o f  Science (NAS) and Johnson Space Center requirements f o r  potable 
water except dur ing shor t  per iod (1-2 days) when ce r ta in  mechanical components fa i l ed .  
When repaired the water q u a l i t y  met NAS and JSC spec i f i ca t ions  again. Following these 
successful tests ,  a 180 day demonstration t e s t  was scheduled t o  show the long term 
performance o f  the system. During t h i s  tes t ,  the water q u a l i t y  once again met NAS and 
. REPORTNO.: TITLES AUTHOR(r): DATE 

TRANSMITTED 

MOretFrly and Quar te r ly  Progress 
Reparts 
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Technical Proqress (Cont 'd l  

JSC standards excepa when f a i l u r e  o f  mechanical sub-components caused explainable d i s -  
crepancies, A slight a i r  l e a k  i n t o  the low pressure evaporator around a ro ta t i ng  shaf t  
seal caused the Ph level o f  the  water to be lower than desired. 
been completed. 
overboard vent ing f r o m  the system. 
performance (and water quat i t y )  i n  t h i s  conf igurat ion.  

The 180 day t e s t  has 
System conf igura t ion  has been modif ied to show t h e  p o s s i b i l i t y  o f  no 

The hardware w i 1 1 be modi f ied to  eva Iuate the system 

Manaqement Proqress - Contract mod i f i ca t ion  to a l t e r  design t o  e l im ina te  over- 
board venting is in  progress, 

Conclusions - The basic system concept and component designs accomplished the 
o r i g i n a l  performance goals o f  processing crew and spacecraft waste in to  potable water 
and dry  ash as we11 a5 mainta in ing acceptable b io log i ca l  s t e r i l i t y  o f  the mechanical 
components and p r o c ~ s s e d  water. 

---_I 

1 MSFC - Form 350-1 (March 1973) 



I 
I 

265 

RESEARCH AND GY OPERATING PLAN 

cm EC/LSS Support - -  Prsrr 
1. RESPONSIBLE INDIVIDUALZ TELEPHONEz APPROVAL: 

453-3923 C. A. Kroll  
- &  

William M. Langston 
,. ACCOMPLISHMENTS (r.msstoms. eabiemr. ~ m r  tern activities): 

TASK: Des%= Guidelines for Long-Life Mechanical Components 
(E? Failure Anticipator) 

OBJECTIVE: 
sufficient time rerna-g that repair o r  replacement can be accomplished before 
failure. 

Devebp sensor that wil l  anticipate a motor o r  pump failure wi th  

APPROACH AnaZysis of high frequency vibration spectra w i l l  be utilized to 
provide diagnostic infoxmation to predict impending pump failures. Two pumps 
w i l l  be utilized in the program,  
a high speed centr i fugd pump will have defects implanted in  them that w i l l  cause 
a faulure. The change i3n vibration spectrum wi l l  be”observed/analysed to enable 
one to differentiate or se lec t  the problem area  in a fluid system pump. With this 
knowledge, one wil1.k able to anticipate impending failure. 

One, a low speed internal gear pump and two, 

STATUS: 
of pumps and has p re  
will result from the d o u s  failure modes. 
enable testing of the two pumps, 

Contractor has completed his study of failure modes in various types 
cted the expected changes to the vibration spectrum that 

A test setup is being constructed to ! 

i 
! 

1. REPORTNO.: tlT11: AUttiOR(8): OAT€ 
NSMIlTEC 

Unnumbered “Cbxxcept Study Report for J. L. F ra rey  & 2”2 -7 4 
Ptlnap Failure Anticipator” D. S. Wilson 
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4. T l T L € t  

CVT EC/LSS Support P K O ~ F ~  

Bobby R. Elkins G. A .  Kroll 
i 

1 TASK: Design Guidelines for Long-Life Mechanical Components 
i (Temperature Control Valve) 
1 
I 

/ OBJECTIVE: 
! 

To develop a temperature control valve that will have a life of 
100, 000 cycles of opera35on and that w i l l  be insensitive to particulate contamination. 

APPROACH: 
control valves because of contamination sensitivity. 
solve this problem by designing a valve without the small  clearances that a r e  
affected by particulate contamination. 
to be a problem. 

In  the past, problems have been encountered with temperature 
An attempt w i l l  be made to 

Obtaiping the life cycle goal is not expected 

.-. 
I 

STATUS: . The R F Q  is being'prepared at this time. 

OAT€ 
TAAt4SMITTED 

AVIWOR(s)i ( 7 .  REPORT NO.: TiTLEt 



CVT EC/LSS Support Program 
TELEPHONE: I APPROVAL: ,. RESPONSIBLE INDIVIDUAL: 

D. C. Clark 205-453-38 28 G. D. Hopson 
,. ACCOMPLISHMENTS (Mllastones. Problomr. M a r  term activitia): 

- TASK: Development o f  Bosch COz Reduction System 
NAS8-27276 Convair Div is ion,  General Dynamics Corp., San Diego, CA. 

OBJECTIVE: Optimize opera t iona l  parameters to ef fect  a 50% reduct ion i n  power require- 
nients and a 25% reduc t ion  in expendable weight. Conduct an indepth mater ia ls  evaluat ion 
study t o  i so la te  m a t e r i a l s  which a re  non-reactive i n  the h igh temperature react ion zone 
area i n  order t o  prec lude carbon p r e c i p i t a t i o n  i n  areas o ther  than the ca ta l ys t  c a r t -  
ridge, 
pressor. I nves t i ga t i on  o f  use o f  the product carbon block as a f i l t e r  medium. Inves t i -  
gat ion o f  the i n t e g r a t i o n  o f  the Bosch w i t h  the hydrogen depolarized c e l l  C02 concentra- 
tor, 

Redesign a power opt imized var iab le  speed contro l  system f o r  the re-cycle c o m -  

APPROACH: Determine opera t i ona l  parameters which most s i g n i f i c a n t l y  a f f e c t  e f f i c i e n c y  
and opt imize f o r  maximum performance capabi l i ty ,  
based on in-depth study o f  reac t i on  physics and chemistry. 
f i c i e n c y  o f  the product  carbon block,  i n  a water system, w i t h  a broad spectrum o f  con- 
taminants t o  be removed from wash water, 

STATUS: Technical Pmqress - The two new Inconel 625 regenerative heat exchangers were 
received and have been i n s t a l l e d  i n  the uni ts ,  I n  reconst ruct ing the u n i t s  i t  was 
decided t o  separate the reactors,  i n t o  two independent units, p r imar i l y ,  i n  order  t o  
e l iminate cross-oyerwalv ing,  and to a l low a more optimum se lec t ion  o f  components i n  the 
recycle f low loop. 
reduced compressor requirements, 

Select mater ia ls  which a re  non-reactiv 
Determine f i l t r a t i o n  e f -  

Greater  power savings r e s u l t  from t h i s  approach p r i m a r i l y  due to‘ 
The reactors were s ta r ted  and todate have a t o t a l  o f  

I. REPORT NO.: TITLE: AUTHOR(s)r DATE 
TRANSMITTED 

ADCA-DBD73-001 &rs& C02 Reduction System R.F. Holmes 

E.E. K e l l e r  
kwelopment l n t e r i m  Report COD. King 

January 1973 
t 

f 
c FIRST BENEFITING PROJECT - S o r t i e  Lab (F1 i g h t  Experiment) -” - k3li.c- F o t m ~ 6 0  (March 1 9 7 1 )  
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T e c h n i c a l  Proqress C o n t ' d  

230 hours  o f  o p e r a t i n g  t i m e  s i n c e  rework. 
r e w o r k  b u t  have been overcome. 

An in-depth s t u d y  of a comparison of two methods o f  r e - c y c l e  flow c o n t r o l  was made 
d u r i n g  t h i s  p e r i o d .  The  tno methods s t u d i e d  were, t h r o t t l i n g  r e c y c l e  f low by use of a 
back-pressure  r e g u l a t o r ,  a n d  c o n t r o l l i n g  flow by v a r y i n g  t h e . s p e e d  of t h e  compressor  
which wa5 s c c a m p l i s h e d  by v a r y i n g  the v o l t a g e  and f r e q u e n c y  o f  t h e  power i n p u t  to t h e  
motor. The resu l t s  o b t a i n e d  to d a t e  i n d i c a t e  t h a t  a 30% s a v i n g s  i n  power consumed for  
a five (5) day  c a p a c i t y  c a r t r i d g e  can be e f f e c t e d  by u s i n g  a v a r i a b l e  speed  compressor.  

Some reactor. s t a r t u p  problems o c c u r r e d  a f t e r  

R e a c t o r  h e a t  losses have  been s t u d i e d  and a computer  model h a s  been developed  which de- 
s c r i b e s  and a n a l y s e s  heat f low a n d  losses w i t h i n  t h e  reactor shell. T h i s  model w i l l  be 
a v a l u a b l e  t o o l  i n  accompl i s h i n g  r e a c t o r  d e s i g n  improvements. 

Materhls s t u d i e s  c o n t i n u e  i n  o r d e r  to i s o l a t e  n o n - r e a c t i v e  a1 l o y s  which c o u l d  simp1 i f y  
c o n s t r u c t i o n  t e c h n i q u e s .  
i f  t h e  u n i t  r e c e i v e d  f e e d  g a s s e s  from a n  HDC, no d i f f i c u l t i e s  i n  o p e r a t i n g  i n  t h i s  
mode were found. 

The Bosch u n i t  h a s  been run under  c o n d i t i o n s  which would e x i s t  

Manaqement P r o q r e s s  - The c o n t r a c t  for FY 74 e f f o r t  o n  t h i s  program i s  p r e s e n t 1  
under  n e g o t i a t i o n  a n d  is e x p e c t e d  to be s i g n e d  by early A p r i l  1974. 

Problems - R o u t i n e  

& n c l u s i o n s  - S i g n i f i c a n t  power s a v i n g s  a r e  a v a i l a b l e  through t h e  u s e  of a 
v a r i a b l e  s p e e d  r e c y c l e  g a s  compressor  system. 
a r e  a s s o c i a t e d  w i t h  i n t e g r a t i o n  of  t h e  Bosch sys tem and  t h e  hydrogen d e p o l a r i z e d  c e l l  

I t  a p p e a r s  t h a t  no s i g n i f i c a n t  problems 

C02 c o n c e n t r a t o r ,  
have i n d i c a t e d  t h a t  i t  is o n e  h a l f  to one q u a r t e r  a s  e f f e c t i v e  a s  a c t i v a t e d  carbon. I t  
a p p e a r s  p o s s i b l e  t o  use t h e  b l o c k  as  a rough p r e - f i l t e r  i n  t h e  water system. 

T e s t s  c o n c e r n i n g  use of t h e  carbon b lock  a s  a w a t e r  f i l t e r  medium 
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01 10 73 31 03 74 

Requirements for Work Performance Design 

RESPONSIBLE lNDlVl D U A k  TELEPHONE: 

p, T, Artis, S&E-ASTN-SM 205-453-4373 
I(,  H, Warters, S&E-ASTN-SMH 20 5 -4 5 3 - 3 74 7 
, , C ~ ~ ~ p ~ ~ s ~ ~ ~ N ~ ~  (Ml)sSta?ESi. Problems Near term activltles): 

APPROVAL: 

T. P. I s b e l l  
S&E-ASTN- S 

m: Laboratory Configuration Development and Evaluation 
wA8-29777 Mart€= Marietta Corporation, Denver, Colorado 

c -  Desigrt Cri ter3.a  for Payload Workstation Accommodations 

OBJEC~IVES: Contizxze and consol idate  the development, ve r i f i ca t ion ,  and appl ieat ion of 
man/system i n t e g r a e o n  cr i ter ia  f o r  maintainabi l i ty ,  access ib i l i t y ,  and the  various 
dimensions of h a b i t a b i l i t y ,  as w e l l  as provide object ive man/systems design c r i t e r i a  
€or guidance of Sh-tle payload configuration, 

APPROACH: 
the Payload Carrier Simulator at  MSFC. 
Skylab and PCS tes ts  w i l l  be  documented f o r  d i s t r i b u t i o n  t o  Shu t t l e  Payload par t ic ipants  
Assess Shut t le r  pay'lioad manfsystem design needs i n  l i g h t  of Skylab experience. 
stances where payload needs are not addressed supply necessary design criteria. 

A mult€Ee.vel man/system assessment W i l l  be made during test operations i n  
Man/system design requirements es tabl ished from 

I n  in-  

STATUS: Technical Progress: The NAS8-29777 contract  has been completed. A prototype 
Universal Stowage B d d e  has ZPeen delivered t o  MSFC and a Fina l  Presentation/Demonstra- 
tion has occurred, 

Management Progress:: 
been received a t  MspI=. 
The Design Criteria f b r  Payload Workstation Accommodations a c t i v i t y  is a competitive 
procurement. Response to  the RFQ is  expected March 29, 1974. A contractor  has not beer 
selected. Conclusionz: A viable program of experimentzssessment and man/system assess- 

The NASS-29777 contract  has been closed out. The F ina l  Report has 

AUTHOR(s): DATE 
, REPORTNO.: TITLE: TRANSMITTED 

MCR-74-1 FinaL Beport; Udversal Victor A. DesCamp, January 1974 
Stowage Module for Future Michael W, Hussey, 
Space: Explorat ion Paul Garber, W i l l i a m  

Mandras 6: Don McKinney 

__" -- -- 
NSFC- Form360 (March lS78) 

. .  . ._ . . .. . _._ . - . .. . -. . - - .. 
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I PROGRESS REPORT 

RESEARCH AND TECHNOLOGY OPERATING PLAN 
.9 70 -63 - 10 

3 OF 2 (bnrinurtion Sheer) PAGE 

Forecast: 
to produce an e f f i c i e n t  desigddevelopment protocol for Spase Shuttle payloads. 
established the protocol w i l l . b e  d irect ly  applied to payload outf i t t ing .  

The above activities will be combined with previously developed techniques 
Once 

t 
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PROGRESS REPORT 

PAGE 1 OF 2 RESEARCH AND TECHNOLOGY OPERATING PLAN 
2. PERIOD COVERED: 3. CODE 1 .  (ENTER: 

CURRENT NO-: PRIOR NO.: 

970-63- 10 9 70 -63 - 10 MSFC 01 10 73 31 03 74 
-_CL 

J i tTLE: 
Requirements f o r  Work Performance Design 

RCSPONSIBLE INOIVIOUAL: TELEPHONE: APPROVAL: 

Jock Stokes, S&E-ASTN-SMH 205-453-3747 T. P. I s b e l l  
S&E-ASTN- S 

s,. ACC~MPLISHMENTS (Mllebtonw, Problems. Near term activittes): 

TASK: 
NAs8-26558 

On-Orbit Evaluation of Payload Manhachine In tegra t ion  Design - 
URSlEzEntrix Go., Man Systems Div., 4702 Governor’s Drive, Huntsvil le,  AL. 

OBJECTIVE: 
i n t rus ive ly  co l l ec t ed  and r a p i d l y  and e f f ec t ive ly  reduced and analyzed. 

Provide a t o o l  w i t h  which da ta  on simulated manned systems can be non- 

APPROACH: 
sample, reduce, and s t a t i s t i c a l l y  analyze parametes of i n t e r e s t .  

Develap a video tape d a t a  co l lec t ing  system paired with a computer t o  

STATUS: Technical Progress: The BioEngineering T e s t  Administrator (BETA) hardware h.as 
been developed and del ivered  t o  MSFC. A computer software program has been developed 
for data  analysis,  Technical manuals including a BETA User’s Manual has been produced. 
Management Progress: The hardware and f i n a l  report  
has been delivered. No f u r t h e r  contracted work i s  contemplated. Conclusions: The 
BETA system has been and may f u r t h e r  be employed f o r  evaluat ing man/system a c t i v i t i e s  
i n  the  Payload Carrier Simulator a t  MSFC, Problems: None. Forecast: The BETA sysr-en; 
w i l l  probably be used f o r  experiment i n t eg ra t ion  a c t i v i t i e s  and ana lys i s  for  fu ture  
Shut t le  payload s h u l a t i o n s .  

The con t r ac t  has been completed. 

TITLE: AUTHOR(s): TRANSMITTED OAT€ . REPORTNO.: 

PRL488 Devebpment of a BioEngineering w. s. Woltosz & 28% February 74 
Test Administrator System J. R. Bathurst  

r”” 

-- 
MSFC - Form 3 5 0  (March 1 9 7 3 )  
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RESEARCH AND TECWNOLOGY OPERATiNG PLAN 
OF 2 PAGE 1 

3. CODE 
CURRENT NO.: PRIOR NO.: - 

I .  CENTER: 2. PERIOD COVERED: 

MSFC 01 10 73 31 03 74 
970-63- 10 970-63- 10 

4. TITLE: 

Requirements fir Work Performance Design 

4 53- 3 74 7 

- 5. RESPONSIBLE INDLVIDUAL: TELEPHONE: APPROVAL: 

L.  8 .  Gardner T .  P .  I s b e l l  
S&E-  ASTN-SM SEE- ASTN-S 

4. ACCOMPLISHMENTS (Milestones, Proalerns, Near term actlvlties): 

TASK:  m- 2 562 7 
Development of Experiment C r e w  S ta t ion  Design Cr i te r ia  

URS/Matrix Company, Huntsv i l le ,  Alabama 

)BJECTIVE(S) : The devef e n t ,  v e r i f j c a t i o n  and publ ica t ion  of man/systems design s t an -  
jar& and c r i t e r i a  f o r  app l i ca t ion  t o  s h u t t l e  payload cont ro l /d i sp lay  panels and crew 
j t a t i o n s .  

The va l ida t ion  Qf 1-g sinnulation methods and techniques f o r  use during the  development 
:ycle of payload cont ro l /d i sp lays ,  operating procedures, and workstations. 

UPROACH: The a b j e c t i v e s  of t h i s  study are being accomplished by an on-orbit  and ground 
?valuat ion of ?Ae ATM manlmachine i n t e r f a c e  t o  i d e n t i f y  design cr i ter ia ,  s tandards,  pro- 
:edures, and con t ro l /d i sp l ay  hardware t h a t  can be used i n  the  design of s h u t t l e  payload 
:ontrols and disp lays  and crew workstations. 
ihases as f o l l w s :  

This e f f o r t  i s  divided i n t o  two major 

Requirements Analysis. 
nachine i n t e r f a c e  eva lua t ion  procedure, including ground da ta  co l l ec t ion  requirements, 
iata ana lys i s  plan, and a list of the  ATM i n t e r f a c e s  t o  be evaluated, (b) prepare a 
l i s t i n g  of a l l  Skylab on-orbit  telemetry da t a  t o  be used i n  t h e  ana lys i s .  

me primary objec t ives  of phase I were (a) prepare the  A'TM man/ 

1. REPORT NO.: TITLE: AUTHOR(s): DATE 

4/10/73 
5/10/73 
6/10/73 
7/ 1O/?3 
8/10/73 
9/10/73 

1 O/ lo/  73 
1 I/ 10/73 
12  / 10/ 73 
1/10/74 
2/  10/74 
3/ 10/74 

FIRST BENEFITTING PROJECT: SPACE SHUTTLE 

PRL-308 Phase I Report 

An Evaluation o f  t h e  ATM 
Mhn/Machine In t e r f ace  

PRL-308 Monthly Progress  Report 
Monthly Progress Report 
Monthly Progress  Report 
Monthly Pmgress  Report 
Monthly Progress Report 
Monthly Progress Report 
Monthly Progress Report 
Monthly Progress Report 
Monthly Progress Report 
Monthly Progress Report 
Monthly Progress Report 
Monthly Progress Report 

E. C .  P r u e t t  z 

E. C. P r u e t t  
E.  C. P r u e t t  
E. C. P r u e t t  
E .  C.  P r u e t t  
E. C. P r u e t t  
E. C.  P r u e t t  
E. C.  P rue t t  
E .  C. P r u e t t  
E. C. P rue t t  
E .  C. P rue t t  
E .  C. Prue t t  
E .  C. P r u e t t  
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@pROACH (CONTINUED): Data Collection. During Phase I1 base l ine  ground da ta  was COI- ; 

ected on t h e  setup and operation of t he  ATM experiments using the ATM Dynamic Control/ 
pispla)' simulator loca ted  a t  MSFC. Data co l l ec t ion  was accomplished using c losed -c i r cu i t  1 
'ideo cameras, observation, a s t r i p  char t  recorder and an analog computer. 
,imulation tasks c lose ly  duplicated those tasks for which SL-2 telemetry d a t a  were 
iva i lab le .  During t h e  SL-2 mission telemetry data on t h e  operation of t h e  ATM experiment; 
'as col lected by MSFC. An examination of these  on-orbit  da t a  has ind ica ted  t h a t  a l l  re -  ' 
uested da ta  were co l lec ted .  

The ground 

I 

bats Reduction and Analysis. 
nalyzed. On-orbit d a t a  was compared with base l ine  ground da ta  f o r  t he  purpose of 

tandards, c r i t e r i a ,  and cont ro l /d i sp lay  hardware t h a t  can be used i n  the  design of 

The SL-2 da ta  co l l ec t ed  i n  phase I1 has been reduced and ; 

1 
! a l ida t ing  1-g simulation techniques and t h e  i d e n t i f i c a t i o n  of man/systems design 

uture  payload control/displays and crewstations.  
i 

i 
i 

i 
' reparation of Design Criteria. 

h i s  w i l l  include a l l  design c r i te r ia  developed during t h i s  study. 

The r e s u l t s  of d a t a  ana lys i s  are being in t eg ra t ed  i n t o  1 
control  and d isp lay  panel design c r i te r ia  handbook for s h u t t l e  payload designers.  

f 
f ;TATUS: Technical Progress. Ground da ta  co l l ec t ion  and SL-2 da ta  reduction are complete; 

na lys i s  of SL-2 telemetry d a t a  has been completed and the  f ind ings  compared with the  
ne-g baseline data .  i 

f ar ison.  Management Progress. The o r i g i n a l  Scope of Work was expanded t o  include pre- ; 

as incorporated 8/22/73. Conclusion. Analysis of SL-2 d a t a  r e su l t ed  i n  the  i d e n t i f i -  I 
! 

perat ions.  
e n t l y  being prepared. Problems. Presently the re  are no known technica l  problems t h a t  ! 
i gh t  impede o r  p r o h i b i t  successfu l  completion of t h i s  e f f o r t .  , Forecast. Remarks. 
lone. ? 

Design cr i ter ia  are being prepared from the  results of t h i s  com- 

ara t ion  of a Control and Display Panel design c r i te r ia  handbook. 

a t ion  of deviat ions between ATM Building Block Procedures and on-orbit  ATM panel 

This modification i 

i The effect  of  these  devia t ions  w i l l  be described i n  the  f i n a l  report  cur- 

None. 

f 

__- --- 7 

lS?C F0rm 350-1 (March 1973) 
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MSFC - 
. TITLE: 

Teleoperator Manipulation and Control 

. RFSPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: S&E-ASTR-MS 
I 205/453-5530 G* B a r r ,  S&E-ASTR-M W ii bu r G. Thornton 

-_ ----- II - At-COMNIWiMENTS (Mllastones. Problems. Near term activ(t{ar): 

Objective: 
and define design criteria for f ree  flying teleoperators applicable to  shuttle, tug and 
satellite' missions in earth orbit. 
visual, remote vehicle control subsystems and man system interface in 1976 time 
frame. 

To investigate and establish component and integrated systems technology 

The goal is to provide design cr i ter ia  for rnanipulato 

Approach: 
1 .  Conduct feasibility studies and design investigations on: advanced manipulators, 
controllers, end effectors, and their interfaces with supporting systems; remote 
control of free flying mobility units and interfacing systems; visual system sensors, 
communications, and displays. 

2. Evaluate man-machine integration methods applicable to free flying teleoperators. 

3. 
shuttle missions . Define and develop systems fo r  experimental and demonstration flights on early 

4. 
sciences for  application to la ter  missions. 

Status: This RTOP consists of several  tasks. 

Investigate advanced methods in manipulators, visual systems, and computer 

Each will be reported separately. 

DATE 
TRANSMITTED 

. REPORTNO.: TITLE: AUTHOR(r): 

t 

FIRST BENEFITTING PROJECT: Free  Flying Teleoperator 
MSFC - Form 3 6 0  (March 197 3 )  

- 
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:t c: fc re n ce : 

Contracts : 

DATE 5 Tnk,e\ TRANSMITTED 
. REPORTNO.: 

URS/Matrix P R B  360 
MIT 
Mar t in  MCR-73-3 11 
Mart in  MCR-73-3f2  
Univ. of Mass  
Univ. of Tenn. 
Rancho Los Amigos 
Rancho Lo8 Arnigos 

Fin#\ Repor t  NAS8- 28760 
Fin&\ Repor t  NAS8-28055 
Task I Repor t  NAS8-30266 
Task 2 Repor t  NAS8-30266 
lvlcrnthly P r o g r e s s  Repor t s  
Monthly P r o g r e s s  Repor ts  
Finn\ Repor t  NAS8-29 188 
TKA, Ins t ruc t ion  ik 

Main tenance  Manual 

Saenge r  & Woltosz 
W. Book 
Adams et a1 
Adams et a1 
F. C r o s s l e y  
J. Hung 
J. Allen 
J. Allen 

6 /73  
11174 
11 /73 
1 /74 
10/73 - 3/74 
10/73 - 3 / 7 4  
1 /74  
1 /74 
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IbjectivCH : 
# '  

o r  a r u : ~ ,  actuators, end effectors and sensors. 
:. 
ies Of Zrtart as the primary source of control signals. 

nents fflr a space design manipulator system, 

To identify and apply appropriate aerospace technology to the design of manipula- 

To rfevclop viable control schemes which will most effectively utilize the capabili- 

To eValuate existing and new designs in  laboratory conditions and generate require- 

ipp r o ac h : 

,rice functions of the manipulator including actuators, joints, end effectors, and 
enSOrs, 
:omPonc: n t B applying space te chnolo g y . 
:ontrol for the human operator and evaluate these on computer simulations and 
ictual bitrdware, 
' 0  

;imulatwi operating env i romen t  for the investigation and development of remote 
:ontrolled manipulator sys tems. Included will be task boards, communication links, 
:omput@ r, v i s u a l  equipment, lighting, control and display, etc. Provision will be 
nade for investigating such effects as : manipulator control schemes, manipulator 
:onflguration8, light, comrnurd.cation link degradation, time delay, etc. 
'or use 4f differ& manipulator/controller/display combination will be provided. 
;irnulation will provide means of evaluating the man-machine inter actions. 
L =  u t i l i z ing  the results of studies performed under contracts NAS8-27021, NAS8- 
!7895, NAS8..29153, NAS8-29024, NAS8-28298, NAS8-28055, and others as appropriatl 
)erform it  preliminary design of a manipulator system applicable to the free flying 
e1eoPer;ito r system. 
nodes, and cffectors, actuators, sensors, displays and the interaction of the 
nmipulalor system with other teleoperator systems. 

perform trade off analyses and design studies of all design factors and perform- 

Design, procure and tes t  an advanced experimental manipulator 1 .  and 

Develop candidate control schemes which offer maximum flexibility and ease of 

us ing  existing hardware where possible prepare a laboratory which will provide a 

Flexibility 
This 

The study would consider configurations, controllers, control 

Generato preliminary design criteria. ,& 
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,Catus : 
(‘eehnical Progress  

Manipulator System Simulation & Evaluation 
a, 
b. 

The facility change has been completed. 
The task board fo r  Test  1 with associated hardware has been delivered and 

Changes in the computer program has resulted in  a smooth control of the 
B E ai 1 e d . 

r,mipulator. 
nown stowed position has been added. 

Safety features have been added. The ability to command to return to a 

d, Experimenter control station is complete. 

;, Manipulator Design & Control 
a. Modular Manipulator Kit  System 

The design study for the semi-anthropomorphic like manipulator was 
.ompIeted. 
hese have been delayed because of limited manpower. 

Detail design is complete except for the wris t  and elbow. Work on 

The ADAMS 111 end effector has been fabricated and is undergoing test. 
The S A M  Mechanical Joy Stick Analog Controller has been fabricated and 

The new Harmonic Drive Planetary Gear Assembly has been delivered and 
Steps a r e  being taken to 

undergoing test. 

tistalled on an ESAM manipulator. 
zetrofit the three remaining ESAM’s with the actuator. 

)lade, 
3ntire system to the manufacturer for the modifications. 

b. 
rianipulator based on the concentric tube drive was generated. 
Ilanpower limitations this has been shelved for the time being. 

LIanipulator Arms with Distributed Flexibility for Design and Control” was published. 
]‘he interactions of control system and distributed flexible structural  dynamics was 
juplored for mechanical arms. 
Iescribed which permits the closed loop response of many current a r m  8onfigurations 
(I be evaluated. Root locus, frequency response, modal shapes, and time impulse 
pssponse were obtained from the digital computer implementation of the model, which 

lata cards.  The model corresponds with experimentally observed natural frequencies 
,vith an average e r r o r  of less than 570 i n  the first three flexible modes in the seven 
\ls\ses considered. 

The model was used to explore the limits imposed by structural  flexibility on r .  

\\ondirnensionalized two link a r m  with one and two joints for  planar n?o~ion. 

Tests have been good. 

The Terminator Ki t  Assembly (TKA) was delivered and engineering tests 
The tool storage bin required modification so it was necessary to return the 

Advanced Manipulator (In-House) - A preliminary specification for a 
However, due to 

c. Advanced Design & Control (NAS8-28055) - A report  on: “Modeling 

A modeling process using 4 x 4 transfer matrices was 

oriented to arm design and allows for  easy variation of the arm configuration througl 

UsitirT r:im. 
!$\e pasition and velocity feedback and careful adjustment of control gair?s adequakc 
,tamping (damping ration of 0.65) can be imposed on dominant eigenvalues which Iiavc a 
,hm\plex niodulus of more than one-half the cantilevered frequency of the a rm with ail 
\,tints clamped. 
?trength liniitations to indicate when flexibility will tend to be the more imniediate 
% onstraint on a r m  design. 

The limitations irriposed by flexibility a r e  roughly compared tc, 

1 
IDE- 1 
U X F C  -P~lnn JSO-1 (March 1973) 
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, Configuration & Design Study of Manipulator Systems Applicable to the Free  
Flying Teleoper ator (NAS8- 3 02664 
a. Task 1. Manipulator System Survey. The results of this task was completed 

nd'a report issued (Martin Report MCR-73-311 dated 11/73). 
xist ing and developmental manipulator systems used i n  industrial, hot-lab, .undersea, 
nd space applications was presented. 
nd subsystems-controllers, control methods, actuators, and end-effectors- were 
is cus s ed. 

b. Task 2. Preliminary Requirements Analysis. This task was completed 
nd the results published in Mar t in  Report MCR-73-312, January 1974. 
equirements analysis for manipulator systems applicable to a F F T  operating i n  
onjunction with the Shuttle and Tug was performed. Two types of manipulators were 
onsidered: a general purpose manipulator which as the pr imary function of on-orbit 
ervicing and maintenance of satellites and a retrieval type manipulator used in  support 
f satellite deployment and retrieval applications. 

equirements analysis of Task 2 were generated and presented to NASA in  Feb. 1974. 
,.s a result the contractor has been given direction to present a plan for the completion 
f the task together with a proposed simulation. 

A brief survey of 

Manipulator sys tem physical characteristics 

A preliminary 

c. Task 3. Manipulator Conceptual Designs. Design concepts meeting the 

d. Task 4. Preliminary System Design. In work. 

:onclusions : 

1.  System Simulation & Evaluation 
a. 

b. 

The use of a controller with a non-geometric similarity with the 
ianipulator creates problem of singularities and computation. 

Where a computer is used the computation cycle time is importan , 
iethods were developed for the RAM/TPC system and the manipulator operates 
moothly with a 1/15 sec  computation cycle in the matrix inversion. 

2. Manipulator Design and Control. None. See status above. 
3. 

New 

Configuration & Design Study. The study results show the following require- 
ients for the general purpose manipulator: 'b 

Serviceable Modules: Max: l X l X l  Meter 
Min: 0.15XO. 15x0. 15 meter 
Mass: 150Kg 

Working Volume: Hemispherical over FFT Docking Interface 
Reach Envelope: 2.5 Meters 
Tip Force @ Max. Extension: 44.5 Netwon 
Tip Torque: 20 Newton - Meter 
Tip Veolicty: 4. - 0.6 M/S 
Mass: 5 45 Kg 
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No technical problems. The restrictions on manpower and other uncertainties 
,f concern. 

danagement Progress: None. 

are 

4 

To re cas t : 

1. 

2, 

I 

Full Scale evaluation of the RAM/TPC has begun and will continue during 

The Ames Manipulator Delivery has been promised for April 1974. 
iext reporting period. 

MSPC - Form 3SO-1 (Wrch 1973) 
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4SFC 01 10 73 31 03 74 970-63-20 970-63-20 
~ TITLE: 

PRIOR NO.: CURRENT NO.: 

CELEOPERATOR MANIPULATION AND CONTROL 
_I_ 

121 W O N 5 I H L C  INDIVIDUAL: TELEPHONE: APPROVAL: 

I ,  jJwig1rt .JofmHt(m/S~.-ASTK-I;U 205-453-0792 Re H; Tut t  .-- __- ---- _-.. -.-- .- I 

C t ~ r J , n i ~ L i 5 C i r n F . r ~ ~ ~  (MalertrJncr. Protrlams. Near term activities): 

? R I a R  CODE: Task 1 2 ,  FY-72 

CASK 20: 

)BJECTIVES: 

INVESTIGATIONS ON REMOTE CONTROL OF TELEOPERATOR MOBILITY UNITS (INHOUSE) 

1. 
free- f ly ing  te leopera tor  on Space Shut t le  payload mission. 

To i d e n t i f y  guidance, navigation and' cont ro l  subsystems required f o r  

2. To determine m i n i m u m  adequate hardware performance requirements fo r  
G, N & C subsystem f o r  a free-flying, remotely control led te leopera tor  
to a f f e c t  launch from Shut t le ;  rendezvous, docking, cont ro l l ing ,  and/or 
operat ional  posi t ioning with respect  t o  an o rb i t i ng  spacecraf t ;  and the 
retrieval of the  spacecraf t .  

3. To determine minimum adequate requirements f o r  the  remote cont ro l  
and d isp lay  s t a t i o n  appl icable  t o  t h e  G, N & C functions. 

QPROACH: (Design, Fabricate  and T e s t )  

1. 
wheels or  small CMG's necessary f o r  docking. System w i l l  be equipped with 
a i r  bearings t o  provide l o w  f r i c t i o n  ro ta t ions  about two or three axes and 
t r a n s l a t i o n  i n  a plane capable of providing information on t h e  G, N & C 
functions necessary f o r  rendezvous. 

Remote control led vehicle  with a t t i t u d e  cont ro l  systems and reaction 

'. REPORT NO.: 

S&E-ASTR-G-WP-7-73 

TITLE: AUTHOR(5): DATE 
%TRANSMITTED 

Free-Flying Teleoperator w. c .  mstin Ju ly  3,  1973 
Breadboard Vehicle 

Film S e r i a l  
MSFC-74-405 

Phase I T e s t s  and Calcu- J. Le Burch Nov, 20, 1973 
lations t o  Determine the  
Momentum and S t a l l  Torque 
Requirements of Reaction Wheels 
to Control the Free-Flying Tele-  
operator i n  Pi tch,  Yaw & Roll 

Free -F ly ing T e l e  ope rat or J. L. Burch January 1974 
Experiments J. D o  JOhnSt~m 

-- 
XlSFC - Ferm 3 6 0 (March 1 9  7 3 ) 
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hpproach) (cont.) 

rATW : 

2. 
f l e c t i v e  black c lo th  room) t o  provide low f r i c t i o n  operation of the a i r  
bearings necessary fo r  f l o t a t i o n  of the above vehicle.  

3. 
the  above mentioned vehicle  and t e s t  bed, and w i l l  include equipment t o  en- 
ab le  an in-depth study i n t o  the e f f e c t s  of t i m e  delays,  da t a  processing and 
handling requirements, communications, image displays,  con t ro l l e r s ,  man- 
machine in te rac t ion ,  e t c .  

4. 

Technical Promess:  

1. 
pain t ,  and with the  added air  supply t o  the mobil i ty  u n i t  t h e  system could 
operate up t o  25 minutes before replenishing the  air  supply. 

2. Following the above correct ions and modification, a f i lm  documentation 
was made of t he  Free-Flying Teleoperator i n  operation. 
is MSFC 74-405 and t i t l e d  "Free-Flying Teleoperator Experiments". 

3. On completion of t he  above fi lm, Center Management closed bldg. 4752 
which housed t h i s  test f a c i l i t y  and forced i ts  re loca t ion  t o  bldg. 4705. 

4. 
following is the s t a t u s  of re-establishment . 

A test bed of super smoothness (enclosed i n  a f ea tu re l e s s  opaque non-re- 

Control console and s t a t i o n  t o  allow for  remote cont ro l  and monitoring of 

Perform s tud ie s  on a t t i t u d e  control ,  docking and r e t r i e v a l .  

The epoxy test bed anomalies were corrected with four  coats  of epoxy 

The f i lm s e r i a l  

The re loca t ion  set t h e  program progress back Fn excess of 6 months. The 

(a) 

@) 

(c) 

The 40' X 40' X 22' high canopy has been relocated i n  bldg. 4705. 

A new cont ro l  roam has been b u i l t .  

An overhead catwalk f o r  supporting overhead l i g h t s  and T. V. camera 
(provides X-Y information f o r  pos i t i on  and a t t i t u d e  system) ha t  been i n s t a l l e d  

(a) The new test bed w i l l  have approximately 275 more sq. f t .  of surface 
area than t h e  o ld  (1175 sq. f t .  vs 900 sq. ft,). This required an enlargement 
of the  canopy and t h i s  work is completed, 

(3) The f l o o r  is present ly  being prepared f o r  the new epoxy surface.  This 
work should be completed within two weeks. 

5. 
period has been delivered, 

6 ,  
unit .  

7. 
use in the  next prototype mobili ty u n i t  design. 

Conclusions : None 

The 12-inch f l o t a t i o n  a i r  bearing t h a t  was designed in the last report ing 

A reac t ion  cont ro l  wheel has been acquired f o r  eva1uatl.m of the  mcbili ty 

Two 10-inch diameter air  bearings have a l s o  been acquired f o r  possib1.e 

, 

MSFC - Pozm 3SO-1 (Match 1973) 
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Prdblurnla : Center Management’ 8 decision to relocate the TeLeoperator T e s t  
Facility has set this  phase of the program back in excess of 6 months. 
and effort that should have been spent for productivity of the program has 
been spent in an effort to get re-established. 

Time 
- 

Forecast: The program should be in operation in  one month .  

f 

i 

f 



. ', 1 

I \ 283 I i 

MSFC 

Teleoperator Manipulation and Control 
, RESPONSIBLE INOIVIDUAL: TELEPHONE: APPROVAL: 

C, T. Huggins 453-5874 W. 0. Frost 

Task 30: Study and Developmnnt of Teleoperator Viewing System 
NAS8-29024, Martin Marietta, Denver, Colorado 
Objectives: (1 ) Determine the preferred type viewing system required for remote manipulator 
operation. (2) To examine and evaluate methods of determining range and range-rate by remote 
viewing through a television system. (3) Evaluate a combined mono and stereo viewing system. 
(4) Evaluate the use of color i t 1  the remote viewing system. (5) Determine the effect of fixed and 

variable delays between a video sensor and the display. (6) Perform studies for actual docking of the 
feleoperator to a target vehicle by remote viewing through a television system. (7) Write system re- 
quirements and limitations. (8 )  Develop a breadboard model and finally an engineering model for 
,design criteria. (9) Apply image enhancement techniques to remote manipulator operations. 
Approach: (1) From previous it\-house experience, simulations and studies, the system requirements 
for teleoperator control have been determined and have been used to broadly define a teleoperator 
viewing system. Based on this definition, simulations are being developed to evaluate the perform- 
ance capability of the man and the visual system. The Astrionics Visual System Test and Evaluation 
Laboratory i s  being used for this testing, Conduction of the tests and analysis of the results are being 
done by Essex Corporation under Contract NAS8-28298. (2) A contract for conceptual design and 
preliminary design of a teleoperntor viewing system has been completed in 1973 by Martin Marietta 
under Contract NAS8-29024. The results of the conceptual design phase have been compared with 
in-house engineer;ng data and a decision, based on both, has been made on the type breadboard 
system for use in the manipulatrv/visuaI system tests. (3) Continue work utilizing concepts from 
computational linguistics to enhance images by selectively accentuating frequencies of interest. 

ACCOMPLISHMENTS (Milatones. Probtani, Neat term act\vitter): 1 

AUTHORW: OAT€ 
TRANSMITTED 

. REPORTNO.: 

1. Prog. Report No.  6 1 0/1 OD3 

3. Annual Report R. C. Gonzalez 02/04/74 

Other Publications 
a. Master Thesis 

R. C. Gonzalez 
2, Prog. Report No. 7 R. C. Gonzalez 12/10/73 

A Minimmputer Implementation 
of a C*,\piler for an Image 

A Minimmputer implementation 
of the Two-Dimensional Fast 
Fourier Transform N. L. Koerner 08/1973 
Mini c m p u  ter Implementation 
of a Fuwtional Graphics 

Processing Language C. S. Wilson 1 2/1973 
b, Master Thesis 

c. Master Thesis 

Package L. J. Minyard 08/1973 

d.  Master Thesis The Design and implementation 
of a Digi Video Interface 
System W. E. DeWitt 06/1973 
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This procedure w i l l  be formulated so that i t can be used by the operator with minimal insight and 
experience, This work i s  being done by Dr. R. C. Gonzalez, University of Tennessee, Knoxville, 
Tennessee, under Contract NAS8-29271. 

Status: Technical Progress: (1) The open loop visual investigations which began in February 1972 
are continuing and are described in Task 13. The results have so far indicated, for example, that 
certain tasks w i l l  require the operator to use a 30 lV system, and that brightness ratios wi t \  be ex- 
tremely important where the objects would normally tend to blend without a high brightness differena 
The use of color may help the brightness problem. Color testing i s  planned during the first and 
second quarters of FY 75. (2) Technical support to Essex Corporation i s  being curried out for visual 
system design, layout and maintenance for both the visual system test lab and the upcoming manipu- 
lator tests. (3) Contract NAS8-29024 with Martin Marietta has been satisfacforily completed. This 
work took Q look at  a l l  the following subsystems of a remote manned system's visual system: sensors, 
illumination, deployment/articulation, displays, telecommunication, and controls and display inte- 
gration. The basic visual system recommended from this work i s  a hybrid-monoscopic-sfereoscopic 
TV system. This approach, inherently simple, appears to provide considerable operational flexibility 
and visual coverage adequate to accomplish a l l  the anticipated RMS activities. (4) The Fresnel 
stereo visual system was completed in February 1974. Preliminary tests have shown it to be superior 
to the color separatjon stereo and the Stereotronics (polarized separation) systems. (5) Phases I and 
l l  of the image enhancement contract with University of Tennessee are complete. The development 
of the necessary basic software for the PDP-11 digital computer, such as the programs to control in- 
formation transfer and the Fast Fourier Transform programs, have been completed and ure operational 
on the equipment. Initial tests on the effects of filter primitives and lighting on test images have 
been completed. Test images have been processed through the computer and displayed on the TV 
monitor. The development of automatic enhancement techniques i s  underway. 

Management Progress: An RFQ has been prepared for a separate support study to determine the 
anticipated delays which w i l l  be encountered between an RMS control station at various locations 
and a satellite in low and geosync'orbits. A computer program wi l l  be written to be used in con- 
trolling the variable delay between the controller and the RMS as a function of time and orbit 
position. This w i l l  be used in simulations to determine impact on man-machine interface. 

Problems: None. 

Forecast: (1) The Fresnel stereo visual system wi l l  not be installed in the manipulator laboratory 
beforeeptember 1974, due to delays in getting that laboratory operating. (2) Color testing i s  
s t i l l  delayed. it i s  now planned for September and October 1974. (3) Motion simulations in the 
visual lab are now scheduled to be complete by September 1974. 

'b 

. 

HSFC - Fom 350-1 (March 1973) 
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a. TITLE: 

Teleoperator Manipulation and Control 

205-453-5530 

Task 40 RMS Man-Machine Integration Requirements 
NAS8-28298 Essex Corporation, Alexandria, VA 
NAS8-29914 Essex Corporation, Alexandria, VA 
NAS8-30545 Essex Corporation, Alexandria, VA 

Objectives : 
1. To determine, analyze, and integrate the human factors design requirements 
for manipulator, remote vehicle, and visual systems. 
2. 
3.  
simulation techniques. 
Approach: 
1. Plan and conduct open loop visual system tests to determine performance of 
visual tasks using video systems and display aids. 
Y. 7 Plan and conduct closed loop visual tests of performance in final approach 
and docking. 
3 .  Plan and conduct man/machine interface evaluation €or manipulator systems 
including manipulator, effector, controller, and visual subsystems. 
4. Plan and conduct man/machine interface evaluation for remotely manned 
systems maneuvering and docking subsystems. 
5. Perform analytic assessment of human factors design requirements to 
support empirical operator /system performance testing and system design decisions. 

To analytically and empirically develop man-machine interface cr i ter ia  
To' investigate perceptual motion cues required for moving base vehicle 

7. REPORT NO.: TITLE: AUTHOR(s): DATE 
TRANSMITTED 

H-4- 1 Summary: Man-Machine T. Malone et a1 2.1 /74 
Interface Evaluation 

Visual System Evaluation 

Machine Interface Evalua- 
tion 

H-4-2 Test Report: Teleoperator M. Kirkpatrick et a1 1 /74 

H-4-3 Manipulator System Man- T. Malone et a1 1 /74 

H-4-4 Teleoperator Docking M. Kirkpatrick et a1 1 /74 
- Simulation . 

.Monthly Progress  Reports 10/73 - 3 / 7 4  

First Benefitting Project: Free  Flying Teleoperator 
MSFC-Furm360 (Marchr973) 
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6 .  
and changes in  thresholds due to visual motion cues. 
7. 
of invalid platform motion required by moving base system travel constraints. 

Plan and conduct empirical studies of acceleration and deceleration thresholds 

Incorporate threshold data into washout technqiues which minimize detection 

Status : 

Technical Progress:  

1. Teleoperator Visual  System 

discrimination performance as functions of T V  parameters.  

estimation a re  currantly in  progress,  

has been completed. 

a study of range/range rate display and video aiding effects is being se t  up. 

a. Static testa have been completed involving detection, recognition, and 

b. 

C. 

d. 

Dynamic vieual judgment tests involving range and range rate detection and 

A base line study of vehicle approach to a nutating large space telescope mode 

The computer is being programmed to calculate maneuvering e r r o r  data and 

2. Manipulator System 
MSFC Manipulator Test  Laboratory is currently configured to ope’rate the 

Rancho Anthropomorphic Manipulator and the Matrix Computer-aided Controller. 
A task module has been fabricated to measure fine positioning performance 

this module is durrently being integrated with the Manipulator Laboratory Measure. 
Test  plans were developed to tes t  human performance of remote tasks 

utilizing the Terminal Ki t  Assembly (TKA) and the ADAM Manipulator system. 
Further studies of the TKA with the ESAM a re  planned. 

~ a. 

b. 

c. 

3. Mobility System 
a. Air bearing floor under construction, no progress. ‘t 

4. 

visual system is continuing. 
TV and Fresnel system relative to distance estimation are being defined. 

RMS Technology Human Factors Analysis 
a. The effort to define range rate measuring methods and hardware for the 

Estimates in valuing dynamic state estimation, color 

r 

5. Motion Threshold Investigations 

- + directions but leaving acceleration at the levels of that of the previous ser ies  of 
tests. In addition, the velocity of travel down the raod was increased from a 
simulated 100 miles /hour to a simulated 150 miles /hour. The steering parameters 
were modified to incorporate a 30% increase in the steering sensitivity (from 
approximately 070) and. approximately three times the noise (which gave the effect of 
a windy gust in the direction the wheel was turned) level which made the subject 
concentrate more to maintain his position within the confines of the road. 

a. Planning was completed for conducting reduced deceleration levels in the 

MSFC - Fonn 3504 (March 1973) 
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completed the video $us Secondary task ser ies  (3100). 

was 8670 (baseline wilz5 87% and video plus secondary task was 8670) and acceleration 
Analyses of data revealed that overall deceleration detection accuracy 

and three for video p l ~ s  secondary task) but the trend seems to reinforce the theory 
of a single threshold rather than separate thresholds for acceleration and deceleration, 

aft directions. Seven subjects were  selected and scheduled for the initial base line 
conditions test program. 
the deceleration in the aft and forward directions and 76% detection of acceleration 
in  the aft and forward directions, Of these data, deceleration in the aft direction was 
highest (9 10/0) followed by deceleration in the forward direction (896/0), acceleration in 
the aft direction (80%), and acceleration in  the forward direction (7370). Overall 
accuracy was 83oJO0. 
cueing the subjects as to which interval the signal was present. 
were reduced to 0. 1 ft/sec while still maintaining the same "G" levels f rom the 
previous test. 
were tested under these base line conditions and in addition were also tested 
using a visual Scene plus secondary task study. 
the same pattern fo r  the second base line test with respect to the original base line 
study. The percent of detection fell slightly in all cases except acceleration in the 
forwqrd direction which increased slightly. 

b. During December testing began on the motion cue program for the forward/ 

Tests  results showed a 90% accuracy of detection for 

It was decided the 0.2 f t /sec initialization ramps could be 
Therefore the ramps 

Eleven subjects (six were replications from the previous test)  

Test data anlyses revealed basically 

Overall accuracy was 8270. 

The subjects were then subjected to a visual scene plus secondary task 
study using the same conditions and "G" levels from the second base line study. 
Analyses of test  data revealed that deceleration (in both directions) accuracy 
increased from that of the two base line studies {9270 vs. 89%) and acceleration (in 
both directions) accuracy increased f rom that of the two base line studies (7970 vs. 
71%). 
(85% VS. 82.57"). 

The overall accuracy increased slightly f rom that of the base line etudies 

I Conclusions : 

I .  Visual System Tests 

a. The mean vlsual angle for small target detection o r  gaps between la rger  
objects varies f rom 3 to 9 ARC minutes depending on the visual systfni  parameteis 
such a s  bandwidth and signal-to-noi se ratio. 

Performance is degraded by a reduction of the signal-to-ho;se ration f r o r n  
21 DB to 15 DB for  a variety of visual tasks. In no test  case, however, did an 
increase in the ratio from 21 DB to 32 DB result in Performance gains. 

Across a number of tasks studies, narrow band and digital transmission 
modes resulted in performance degradation relative to direct  analog T V  viewing. 

. b. 

c. 

'IrlSFC - Form 350-1 (March 1979) 
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d. For detection of nun-alignment of a solid target normal to the camera it 
Non-alignment angles of loo  appears that lighting systems will  be very crucial. 

were not detect& in 65% of the tr ials where the "availablett light source was within 
30° of the target axis. When a direct (Oo) artificial light source is used to augment 
ltavailable'' light and target markings a re  employed, the mean angle required f o r  
non-alignment detection waR reduced to about 8 degrees. 

cate the lowest estimation e r r o r  is derived using a two mono camera, orthogonal 
situation, and that the highest mean e r r o r  is derived when using a split image 
stereoptic camera system. 

f. 
diameter at a range of 20 feet was determined to be a 
probability of detection of 

influenced by TV system parameters  such as f rame rate, signal-to-noise ratio and 
digital signal vs. analog signal format. 

a final approach t o  a nutating large space telescope model supported the following 
conclusions : 

e. Judgments of separation distance along the fore-aft axis yield data that indi- 

The range rate (Ft /sec)  needed for  motion detection of a target 3 feet in 
14 - . 16 f t / sec  with a 

The probability of motion detection of a target does not appear to be 
.95 

g. 

h., The data collected from the docking simulation study during attempts to make 

Subjects were unable to complete the final approach when either the nutation 
angle reached 10 degrees and the nutation rate reached 60 degrees per second. 

For the nutation rates and angles which permitted successful final approach, 
task completion time and propellant consumption were found to be more strongly 
influenced by nutation angle than nutation rate. 

2. Manipulator System Tests - None 

3.  Mobility System Tests - None 0.. 

4. RMS Technology Human Factors Analysis - None 
't 

5. Motion Threshold Investigations 

The conclusions one can infer f rom these data a re  rather meager considering 
the small number of s-lbjectu used but three ideas can be advanced in that: 
acceleration/deceleration threshold levels described in  the literature a r e  much 
lower than originally defined; (2)  a Visual scene with a secondary task appears tu 
raise the attention level of the subject which in turn lowers his senepry threshol(1 ~~3 

acceleration/deceleration; and (3 )  there is no difference in  threshold for acceler?-tion/ 
deceleration sensitivity. 

(1) 

Problems: None. The facility changes have been resolved. 

I 

SFC - Form 350-1 (March 1973) 
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Management Progress:  

1, 
in review. 

Contract NAS8-28298 was terminated at end of contract period. Final reports are 

2, 
into effect November 30, 1973. This is NAS8-30545. 

A new-statement of work was negotiated with Essex Corporation and was put 

- Fo re cast : 

1. . visual System . 
' a. Complete the B-3 tes t  data collection 

b. Set up range rate estimation test. 

2, Computer- Based Visual Simulation 
a. 

. b. 
Take data on dynamic state estimation 
Complete programming for tracking accuracy statistics with stable satellite 

3, Manipulator System 

test. . I  

a. 

b. 
C. 

d. 

Continue preparation for testing RAM/TPC on minimum position change 

Set up ESAM and suitable controller for the minimum change test. 
Design and fabricate dexterity test  module 
Conduct human performance testing using the RAM/TPC, ESAhdJAnalog 

Controller, ADAMS/TKA, and ESAM/TKA. 

4, Mobility System Testing 

maneuvering tests will  be conducted to determine the human's performance. 
a. Dependant on the readiness of the mobility unit simulation docking and 

5. Motion Threshold Investigations 
t 

A third base line tes t  will be conducted using lower levels of deceleration and 
test interval times but acceleration levels and times will  not be modified. 
new levels will also be incorporated into the visual scene plus secondary task study. 
In addition a higher level of noise (steering parameters) and a higher velocity 
(I50 - 200 miles/hour) will be used to more  actively engage the subject's attention. 

These 
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' MSFC 
1. TITLE. 

Teleoy-. &-ator Control 6 Manipulation 

E. G ,  f:f.erin 
RE.PO3;--; 'LILE INDIVIDUAL: TELEPHONE: APPROVAL: L 

R. N. Aden 
S&&A s,- .u -EA 453-4271 S&E-ASTR-E ---. '5HMENTS (Milestones. Problems. Near term actlvltlrs): 
i. ACCCJM; 

TASK: %(40 Integrated Control S ta t ion  f o r  Teleoperator & Experiments Development 

,$  NO: - Not Selected. 
- 
C0NTRP.C li - 
oBJE&;l/&: 
payloin'., requir ing remotely manned, maneuvering, pointing, a t t i t u d e  and serv ic ing  
contro; r 

(1) To invest igate  the f e a s i b i l i t y  of an in tegra ted  cont ro l  s t a t i o n  f o r  

(2) Determine cont ro l  function requirements; generate cont ro l  s t a t i o n  
IJdnts  and ve r i fy  by u t i l i z i n g  CVT, Free Flying Teleoperator,  Manipulator and require  

Rendez-/" IJS and Docking Mockups and Simulators. 

~ ~ ~ ~ ~ ~ ~ l ~ i  
design ,~qu€rements .  

(1) Ut i l i ze  r e s u l t s  of p r io r  s tud ies ,  simulations and cur ren t  CVT 

- (2) Conduct f e a s i b i l i t y  and t rade s tud ie s  i n  configurat ions,  actuat ion 
and d i  S V ~ - ~ ~ '  

(3) * In tegra te  te leopera tor  and experiment requirements f o r  shared 
and d e j  1 cated .controls  and displays.  

(4) Evaluate design by u t i l i z i n g  CVT and o ther  simulators.  

TITLE: AUTHOR(s): 't DATE 
TRANSMITTED 7. REPOR7 t i J 7 ' '  

NONE 
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RESEARCH AND TECHNOLOGY OrERATlNG PLAN 
(Continuation Sheet) PAGE 2 OF 2 

STATUS: This is a new task for this reporting period, - 
TEOINTCAL PROGRESS: Technical statement of work ha5 been defined. 

MANAGEMENT PROGRESS: 
Control and Display Console has been processed thru NSFC Procurement Activity with a 
requested response of May 31, 1974, from prospective contractors. 

A procurement for a study contract of an Integrated Teleoperator 

CONCLUSIONS : NONE 

PROBLEMS : NONE 

FORECAST: A contract award for the study i s  anticipated on or about June 1 ,  1974. 

REMARKS: This i s  the i n t t i a l  report under th i s  RTOP number. 
c -  

_- - 
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CENTER: 

I 

5;. w m  &Y ground wind loads forc ing  funct ions f r o m  e x i s t i n  

,r&tcing and analyzing the  wide-band forcing funct ion 
characteristics and modal content ,  i.e., s inusoida l ,  

analyses  u t i l i z i n g  the  ind iv idua l  components of the  

o ~ c T 1 v E :  
ae roe la s t i c  wind tunnel z6 - ” ”  

response, Develop method-: 
da t a  t o  assess i ts  individ-F.,8*’’- random, in phase with resyJ.:~i* ve loc i ty ,  f i rs t  or second mode, etc. 

methods by conducting res://” 

sky* ’‘ . ~ f x  by dynamically reconstrhct ing the a e r o e l a s t i c  model 

Verify these 

f o r t  ing function. 

. Experimental dynamic tests were conducted on the Skylab 

yhcse tests were conducted i n  an at tenuated mode of 
‘i;g ,nod01 t o  reconstruct  the measured w i n d  tunnel response ae roe la s t i c  ground wind 

AWHOR(r1r OATE 
e se lec ted  da ta  D&.’ , ig1  

T,.f l4-1 
, REPORTNO.: TRANSMITTED 

’b 
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approximately 25-percent because t h e  ground wind forcing function magnitude experienced 
during wind tunnel t e s t i n g  w a s  very l a r g e  and because of t h e  l imi ted  power c a p a b i l i t y  
of the playback force  measuring system. The recreated model response and t h e  wide-band 
forcing function w e r e  recorded on magnetic tape during these  dynamic tests f o r  subse- 
quent d a t a  reduction and analyses t o  determine the charac te r  of the  forc ing  function. 
I n  addi t ion ,  an ensemble averaging technique Of determining t h e  t o t a l  system damping 
( s t ruc tu ra l  plus aerodynamic) from wind tunnel test d a t a  w a s  f i n a l i z e d  and programmed. 
fits program w a s  u t i l i z e d  i n  determining the  t o t a l  damping f o r  the n ine  se l ec t ed  d a t a  
points. 
test s t r u c t u r a l  damping from the  t o t a l  damping. 

The aerodynamic damping can therefore  be determined by subt rac t ing  the  pre- 

Management Progress: 
con t r ac tu ra l  period of performanc& through August 1974. 

A no-cost extension w a s  i n i t i a t e d  i n  January 1974, t o  extend the  

. _  

ConclLsions: 
the  t o t a l  damping i s  a good method f o r  determining aerodynamic damping. 
s p e c t r a l  ana lys i s  of t h e  ground wind load forcing func t ion  ind ica t e s the  forcing 
function magnitude is very l a r g e  and the spec t r a  is  r a t h e r  f l a t  and similar f o r  a l l  
nine test cases analyzed. 

Problems: 
t o  the  cont rac tua l  period of performance. 

The ensemble averaging technique developed and programed f o r  computing 
P r e l h i n a r y  

Delay i n  s e t u p  of model f o r  dynamic t e s t i n g  required a no-cost extension 

Causes of Problems: 
tunnel testing took longer than an t ic ipa ted .  

Accurate determination of model frequency and damping during wind 
This information w a s  required f o r  s e tup  

of model f o r  t h e  playback dynamic tests. 

Forecast: 
function d a t a  t o  determine i ts  charac te r ,  and publ ica t ion  of t he  f i n a l  r epor t .  

Continue da ta  reduction and ana lys i s  of wide-band ground wind load forcing 

.. . 

HSPC - Fom 350-1 %(Msrch 1973) 
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972-50-00 972-50-00 
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1CITLE: 

Aeroelas t i c i t y  

NESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 
Richard G. Beranek 

1 S&E -AERO- AU 205-453-0179 
. ACCOMPLISHMENTS (wJat0nOS. Problems, Near t o m  actlvltlas); - TASK: 
NAS8-26703; Baganoff Associates,  Inc., St. Louis, Missouri 

Data Reduction of the Saturn IB/LC-39 Wind Tunnel Test  Data 

OBJECTIVE: 
quick-look ana lys i s  of ground wind loads data  obtained during wind tunnel test of an 
a e r o e l a s t i c a l l y  scaled model of the Saturn IB/LC-39 (Skylab 2) launch vehicle .  Reduce 
and ext rapola te  t o  fu l l - s ca l e  the  recorded s t r a i n  gage and accelerometer da t a  obtained 
in t h e  f i r s t  and second bending modes at  two vehicle  body s t a t i o n s .  Present t h i s  da t a  
in t he  l i f t  and drag d i r ec t ions  as a function of wind v e l o c i t y  f o r  each configurat ion 
tes ted.  These da ta  are t o  be used i n  the establishment of ground wind loads launch 
cons t r a in t s  which a r e  used as input  to the  Launch Operations Manual. 

Provide on-s i te  engineering test support t o  record and perform on-l ine 

APPROACH: 
recorded da ta  i n t o  i t s  l i f t  and drag components, Scale the test r e s u l t s  t o  fu l l - s ca l e  
using ae roe la s t i c  s ca l e  f ac to r s  which are based on f i n a l  dynamic c h a r a c t e r i s t i c s  of the 
launch vehicle.  For each da ta  run, the f i n a l  output s h a l l  cons i s t  of predicted fu l l -  
s c a l e  vehicle  s t a t i c  drag, s ta t ic  l i f t ,  dynamic drag, dynamic l i f t  and r e s u l t a n t  
bending'moments versus ve loc i ty .  
s tatic drag bending moment versus wind tunnel dynamic pressure i n  order t o  cor rec t  for 
any zero  crossing offset.  

U t i l i z i n g  the  Ground Wind Data Reduction System (GWDRS), transform the 

A l s o  required fo r  each da ta  run, is a p lo t  of vehic le  

STATUS: Technical Progress: During t h i s  reporting period, preparation of the f i n a l  
r epor t  has been underway. 

- 
'. REPORTNO.: TITLE: AUTWQR(r): DATE 

TRANSMITTED 

F. Baganoff 't N I A  Baganoff Report 
+610, Jan. 1974 Reduction & S t a t i s t i c a l  

This is a f i n a l  report .  

Skylab 2 Ground Winds Data 

Analysis. 

FIRST BENEFITTING PROJECT: Skylab 
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Management ProTross: The f i n a l  r epor t  has been completed and reviewed f o r  release. 

Conclusions: 
reduced f o r  112 d a t a  poin ts  encompassing five simulated fueled vehic le  configurations.  
This d a t a  i s  presented i n  the  form of p l o t s  of s ta t ic  l i f t  and drag, dynamic l i f t  and 
drag, and r e s u l t a n t  bending moments versus fu l l - s ca l e  wind ve loc i ty .  

F i r s t  and second mode s t r a i n  gage and accelerometer d a t a  has been 

Problems : None 

Causes of Problems: None 

Forecast: None 

Publications: 

1. 

2. 

- r -  - 

Reduction of Skylab 2 Ground Winds Wind Tunnel Data, BA1,Report #605, Apr i l  5,  1972. 

SIB.Ground Winds T e s t  Resul t s  from Skylab 2 Wind Tunnel Tests, BAL Report 8604, 
Apr i l  6 ,  1972. 

SIB Ground Winds T e s t  Results from Skylab 2 Wind Tunnel Tests, BAI Report #607, 
April  9 ,  1972. 

SIB Ground Winds Tes t  Resul t s ,  BAI Report #607-A, Apr i l  9, 1973. 

3. 

4. 

5. S IB  Ground Winds Test Resul t s  from Skylab 2 Wind Tunnel Tests, BAI Report 608, 
January 8, 1974. 

r_ 
Remarks: None 

. - - . - - 

. . .  ~. . , . - _ .  

f I 
MSPC ,- Form 350-1 &arch &973) 
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. CENTER: 2. PERIOD COVEREO: 3. CODE 
CURRENT NO.: ' PRIOR NO.: 

01 10 73 31 03 74 975-61-05 MSFC 
. TITLE: 

Zero-GAtmospheric Cloud Physics Program 
A . RESPONSI BtE INDIVIDUAL: TELEPHONE: 

Robert E. Smith 205 453-3 140 . 
. ACCGPAPLISHMENTS (Milestones, Problems, Near term actlvltler): b 

rask: Analysis of Experimental Concepts Relative to Plasma Physics and Environ- 
mental Perturbations Laboratory, Contract No. NAS8-29501 
University of Alabama in Huntsville, Alabama 3 5805 

- 

lbjecti've: To theoretically investigate wave propagation through the upper atmosphere 

ipproach: Develop theoretical models describing the propagation of VLF and ULF 
waves through the upper atmosphere and compare results with observatiom 
data. 

_ -  

;tatus: Technical Progress:  
the previous reporting period. 
completion scheduled for April 30, 1974. 

Management Progress:  None. 

A VLF wave propagation model was developed during 
It is  being modified for ULF waves with 

,I 

Conclusions: 
can be developed for u s e  in interpreting observational data. 

A two-dimensional theoretical model of ULF wave propagation 

Problems : Kone . 
Forecast: This effort wil l  be terminated because no F Y  74 funds have been 
made available. 

- 
I. REPORT NO.: TITLE: AUTHOR(r): DATE 

TBANSMITTED 
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Spacec ra f t  Surfaces 
. RESPONSIBLE INDIVIDUAL: TELEPHONE: 

S&E-ASTR-IAMT 
W. T . ' P o w e r s  453-5619 

. ACCOMPLISHMENTS (Milestones, Problems. Near term activities): 

APPROVAL: 

W. 0. F r o s t  

TASK: P o r t a b l e  M u l t i s p e c t r a l  Re f l ec tomete r  (PMR) 
In-house 

OBJECTIVE(S): S p a c e c r a f t  t h e r m a l  c o n t r o l  is e n t i r e l y  dependent  upon r ad ia t ive  
hea t  transfer. 
efficiency of t h e  s y s t e m .  
ga the red  on coa t ings  while  still i n  space .  
m e a n s  of acqu i r ing  l a b o r a t o r y  a c c u r a c y  m u l t i - s p e c t r a l  r e f l e c t a n c e  r ead ings  on 
a s u r f a c e  wheneve r  s u c h  a read ing  is d e s i r e d ,  whi le  being comple t e ly  por tab le ,  
self-contained ins  t rument .  

APPROACH: 
m i s s i o n  as a m e a n s  of de te rmin ing  the condition of the  t h e r m a l  c o n t r o l  coatings 
while in  u s e  in space. 
wi th 'a  digi ta l  s i g n a l  p r o c e s s o r  and  m e m o r y  unit. 
of 8 s p e c t r a l  bands,  

T h e  condi t ion of s u r f a c e - c o a t i n g s  of a craft affects  t he  t h e r m a l  
No long term s p e c t r a l  r e f l e c t o m e t e r  da t a  has  been  

The  PMR is intended t o  provide  a 

The  PMR is to -be  used  t o  m e a s u r e  s u r f a c e s  be fo re  and  du r ing  a 

The  in s t rumen t  i s  a n  Integrat ing Sphe re  Ref l ec tomete r  
Ref lec tance  is taken in e a c h  

STATUS: Technica l  P r o g r e s s  - The development  unit  h a s  been  comple ted  and 
tes ted ,  The  p ro jec t  is concluded. 
F o r e c a s t  - none 
Conclusions - The  p r o j e c t  has  been te rmina ted .  I Drawings sufficient for manu-  
- . REPORTNO.: TITLE: AUTHOR(s): DATE I 

TRANSMITTED 
'b 
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PAGE 2 OF 2 (Continuation Sheet) 

STATUS (CONCLUDED): Conclusions (cont’d) - facturing units are on hand and 
will be placed into Documentation Repository. 

Remarks: Most major parts for  up.to 4 additional units are on hand. 
would require coating and would be the only part giving difficulty since it 
may b e  necessary to develop the capability of coating them. 

Spheres 

c .  

MSPC - Fcmr 350.1 (March 1973) 
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. CENTER: 2. PERIOD COVERED: 3. co DE 
PRIOR NO.: 
- CURRENT NO,: 

975- 72- 39 975- 72- 0 3  MSFC 01 10 73 31 03 74 
I. TITLE: 

2: 

OPTICAL CONTAMINATION 

1. RESPONSIBLE INDIVIDUAL: TELEPHONE: 

Hoyt M. Weathers 205 453-3040 
,. ACCOMPLISHMENTS (Milestones, Problems, Near term activltles): 

TASK: 
Contamination Monitor (IRTCM) System. 

Definition of the separate sensors which comprise the Integrated Real Time 

Contract No. Contractor 
NAS8-29197 PBR Electronics 

OBJECTIVE: 
the Shuttle and Shuttle payloads to detect the presence and characterist ics of an 
induced environment. 
prototype equipment in order to develop confidence in the concepts selected to monitor 
contamination for the protection of the payloads. 

To define flight instruments and sensor systems which will be used on 

This definition phase includes experimental work with pre- 

APPROACH 
tamination, the amount, its identity, and other factors such as particle s izes ,  distri-  
bution, and velocities. These sensors include Quartz Crystal  Microbalances (QGIM), 
Mass Spectrometer, Optical Effects Module, Par t ic le  Spectrometer, and Active 
Cleaning Technique. 
Spacelab payloads require special Contamination monitoring equipment. 

Sensors are required which w i l l  determine the optical effect of con- 

Other sensor /monitor systems are being developed since the 

TITLE: AUTHOR(s): DATE 
TRANSMITTED 

I. REPORT NO.: 

'r 

SEE LAST REPORT 
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PROGRESS REPORT 975-72-39 RESEARCH AND TECHNOLOGY OPERATING PLAN 
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STATUS: Functional laboratory models have been developed of four of the five 
Sensor /monitor concepts. The fifth, the Active Cleaning Technique equipment, will 
3e available in mid-FY74. The Optical Effects Module and the QCMs are being 
evaluated in the laboratory and were used late in CY73 to instrument simulation 
tests of the Shuttle Solid Rocket Booster (SRB) separation motor exhaust contami- 
nation effects. 
Shuttle Thermal Protection System and also in the Shuttle SRB separation motor 

The Part ic le  Spectrometer has been used in tes ts  at JSC of the 

simulation tests. 
identify improvements needed in the sensor /monitor systems. 

The above laboratory and operational tests are being used to 

MANAGEMENT PROGRESS: 
Eands reprogrammed for FY-74 and are extensions of the approved FY-73 RTOP. 

The activities above are being funded from FY-72 
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Thermal Control 
. TITLE: 

.-r_-.__--- - - _I__ 

)r) *,pf~lJSlHl € t N D l \ I I f ~ ' ~ A ~ i  TELEPHONE: APPROVAL: 

J. E. K e y  45 3-4349 H. R. Coldwater 
c_ -__ c_ 

A t L ~ p ~ p L ~ ~ ~ ~ ~ ~ ~ ~ ~  (MllortonOr. Problamr, N4ar term actlvitisr): 

TASK: Struc tura l  Analys is  of Non-Metal1 ic Thermal Protect ion Systems 
' x 4 8 2 5 A  Naval Ship Research and Development Center 

. %  OBJECTIVE(S) Z 
1 .  TO develop a f i n i t e  element Of 3-dimensional s t ruc tu ra l  and thermal analysis o f  non- 

m e t a l l i c  thermal p ro tec t ion  systems. 
TO co r re la te  s t ruc tu ra l  and thermal analyses based on t h i s  f i n i t e  element t o  exact 
so lu t ions and e x i s t  in9 tes t  resu l ts .  
TO incorporate t h i s  f i n i t e  element i n to  an e x i s t i n g  mat r ix  abst ract ion package such 
as NASTRAN. 

2. 

3.  

A~PROACJ: 
The element w i l l  be capable Of s t ruc tu ra l  and thermal analysis o f  a s i n g l e  s t r u c t u r a l  
model. cor re la te  s t ruc tu ra l  and thermal analyses based on t h i s  f i n i t e  element t o  exact 
so lu t ions and e x i s t i n g  tes t  resu l ts .  Upon completion o f  the  development of t h i s  f i n i t e  
element, i t  sha l l  be incorporated i n t o  NASTRAN. 

STATUS: Technlca1 Progress-The work ou t l ined  under Approach has been completed, and 
the f i n a l  repor t  described below i s  ava i lab le  fo r  d i s t r i b u t i o n .  
Management Progress--Since t h i s  contract  is complete, t h i s  progress repor t  terminates 
repor t ing.  
Conclus ions--The thermostructura? capabi 1 i t y  has been added t o  the NASTRAN s t r u c t u r a i  
analysis program. The modif icat ions and addi t ions were made t o  Level 15.1. UNIVAT: 1108 
and CDC 6000 versions O f  the program are avai lab le.  
Problems and Forucas t--None 

Generate an isoparametric element tha t  w i l l  have e igh t  nodes and s i x  sides. 

. REPORTNO.: - -TITLE: AUTHOR(s): DATE 
TRANSMITTED 

NSRDC 41 34 Add i t ions t o  the NASTRAN User's 
Manual and Theoretical Manual f o r  
a Thermos t ruc tu ra l  Capab i 1 i t y  fo r  
NASTRAN US ing Isoparametr ic  
F i n l t e  Elements 

Myles M. Hurwitz May 1973 

- 
. ,  
. .. . 
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Space Shut t le  Auxiliary Propulsion System (APS) 

. RESPONS18LE INDtVfDUAL: TELEPHONE: APPROVAL: 

C, Miller 205-453-3816 J, A. Lumbardo 

Turbopumps for  Cryogenic Upper Stage Engines, MS8-27794, Rocketdyne 
. ACCOMPLISHMENTS (Milestones. Problems, Near term rctlvltles): 

ASK: 
BJECTIVE: 
ump assemblies of an advanced design. 
ys t em technology appl icable  t o  high energy, cryogenic, upper s tage  engines. 

PPROACH: 
creening ana lys i s  t o  select pump, inducer and turbfne type. 
f the  components w i l l  be analyzed i n  d e t a i l ,  

hase I1 cons i s t s  of making component layout, d e t a i l ,  and assembly drawings. 

base I11 cons i s t s  of procurement, fabr ica t ion ,  and assembly of the  hardware. 

Design, fabr ica te ,  test, and. d e l i v e r  two l iqu id  hydrogen and two l iqu id  oxyge 
These pumps provide broad range, s m a l l  turbopump 

The program t a sk  w i l l  be accomplished i n  four  phases. Phase I is  the  general  
The combined cbaracteristic 

hase IV cons i s t s  of t e s t i n g  the  l i qu id  oxygen pump followed by the l i qu id  hydrogen pump. 
R&D tests by the cont rac tor  on the gas generator,  pump bearings and seals, and turbine 
re a l s o  included i n  t h i s  phase. 

TAWS: 
i n a l  report .  
&con& of run t i m e .  The No. 2 l i qu id  oxygen pump completed 12 tests f o r  1050 seconds of 
peration, 
peration, and the  No. 2 l i qu id  hydrogen pump w a s  acceptance t e s t ed  13 times f o r  1260 
ec onds . 

T e c h n i c a l B r e s S :  
The No,  1 l iqu id  oxygen pump successful ly  completed 66 tests and 7528 

The program is complete with the exception cf i ssu ing  t h e  

The No,  1 l iqu id  hydrogen pump completed 57 tests f o r  5091 seconds of 

TITLE: AUTHOR(8): DATE TRANSMITTED . REPORTNO.: 

1. Program Plan T, Zachary & J. Laufer ' 14 July 1971 

2. Milestone Report 
Phase I 11 , 1 )  28 Aug 1971 

3. 

4. 

5. 

Milestone Report 
Phase 11 1 9  9 9  1 9 ' N a v  1971 

Test  Plan & F a c i l i t i e s  
Review I1  11 Jan 1972 

Test  Plan t i  F a c i l i t i e s  
Review Amendment 1 11 I 9  Aug 1972 
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STATUS (CONCLUDED) : 

Management Progress: The program was completed within the budget. The f i n a l  r epor t  
was issued i n  December 1973. 

Conclusions: Building of long l i fe ,  s m a l l  s i z e  pumps is f e a s i b l e  and p r a c t i c a l ;  
mechanical r e l i a b i L i t y  is very good. The general  technology was demonstrated. 

Problems: The l i qu id  hydrogen pumps experienced two problems. 

I 

(1) The hydrodynamic e f f i c i ency  was low compared with predicted vaLues. Spec i f ica l ly ,  
head rise was about 15% low a t  the design point. 

(2) The tu rb ine  manifold cracked causing the manifold t o  deform and rub t h e  turb ine  
blades. This damaged both the  wheel and the manifold causing a f i re  and the  termination 
of one test. 

Cause of Problems: The low pump head rise was caused by high d i f f u s e r  losses  which 
resu l ted  from l a rge r  than estimated boundary layer  thickness.  

The manifold crack was due t o  a poor q u a l i t y  c i rcumferent ia l  weld which w a s  not 
found during inspection. 

Problem Solution: 
qua l i t y  should be exercised i n  weld inspection. 

Boundary layers  should be ca lcu la ted  r a t h e r  than estimated. Better 

l Forecast: 
~ f i n a l  URS repor t  on . t h i s  task.  

The f i n a l  repor t  was issued and d i s t r ibu ted  i n  December 1973. This is  the  

_- 
._e- 
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CfjMPLISHMENTS (MllestoneS. Problems. Near term sctluitler): 

K: Evaluation of Boron-Aluminum Composites for Space Shuttle Components 
W S - 2 7 7 3 5  McDonne11 Douglas Astronautics Co.-East, Saint Louis, Missouri 

CTIVE: The objective of this program is the development of sufficient technology to 
pexmit application of boron-aluminum to Space Shuttle components with high confidence. 

0AC)I: This program is being conducted in the following separate phases, several 
ccmkurrently: (I) Material Evaluation, (11) Design Studies, (111) Process Technology 
De;vaelopment, (IV) Fabrication and Assembly, (V) Test and Evaluation, and (VI) Analysis 
of Structural Test of the Boron-Aluminum Panel. 
significant quantity of mechanical property and process technology data, the realization 
of this objective will be further demonstrated by the fabrication and test of a 1.22rn 
(ais inch) x 1.83m (72 inch) boron-aluminum compression panel capable of distributing a 
po€nt load of 1555 kN (350,000 lbs) into a uniform running load within a peaking factor 
of 1.3 at a temperature of 589% (6000F). 

STATUS: Technical Progress: 

In addition to the acquisition of a 

Phase I 7 Material Evaluation - On the basis of a review of material from both 
Harvey Aluminum and Amercom, Inc., Amercom was selected as a boron-aluminum monolayer 
a d  bilayer material supplier and approximately 250 kg (550 lbs) was purchased, 
i-tely 12% of all material supplied was rejected with the most serious defect being 
p ~ o r  diffusion bonds in bilayer material. 
to verify monolayer and bilayer strength - of which only 1.2% fell below minimum 

Approx- 

Over 1000 coupon tension tests were performed 

. REISORTNO.: TITLE: AUTHOR(s): DATE 
TRANSMfTTEO 

Twemty-one Monthly Progress Reports were received and were dated from 10 August 1971 
to %O April 1973. 'b 

F L r s t  Quarterly Report, MDC E0491, "Design, Process Development, Manufacture, Test and 
Evaluation of Boron-Aluminum for Space Shuttle Components"', R. A. Garrett, 10 Nov 1971. 

Seccend Quarterly Report, MDC E0555, "Design, Process Development, Manufacture, Test and 
Evaluation of Boron-Aluminum for Space Shuttle Components", R. A. Garrett, 10 Mar 1972. 

Third Quarterly Report, HDC E0650, "Design, Process Development, Manufacture, Test and 
Evahation of Boron-Aluminum for Space Shuttle Components", R. A. Garrett, 10 Aug 1972. 

Fourth Quarterly Report, MDC E0783, "Design, Process Development, Manufacture, Test and 
Evaluation of Boron-Aluminum for Space Shuttle Components", R. A. Garrett, 10 Mar 1973. 

Fiaal Report, MDC E0825, "Design, Process Development, Manufacture, Test and Evaluation 
of Boron-Aluminum for Space Shuttle Components", R. A. Garrett, 30 July 1973. 

FIRST BENEFITTING PRQJECT: Space Shuttle 

-___--__-__-__--__-_--~---------------------------~-------------------------------------. 

MSFC-Form 360 (March 1 9 7 a )  
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specification filamenr strength requirements (400 ksi, minimum), 
by Amercom for this Program was judged ?O be of significantly better quality than 
previously available material. 

The material supplied 

A i l  work required in Phase I has been completed. 

Phase I1 - Design Studies - components and assemblies representative of f u l l  scale 
hardware were designed and analyzed and included a 1.22m x 1.83m (48 inch x 72 inch) 
compression panel, a thrust structure beam of truss design, a thrust structure beam of 
shear web design, representative j o i n t  designs and panel components and element designs. 
Three of these structures designed under Phase 11 were also fabricated for structural 
testing. 
structure configurations were carried far enough to determine an overall structural 
arrangement, size all elements and calculate structural weights for comparison purposes. 
for the loading cases considered, the shear web beam design was 37.5 kg (82.8 lbs) Or 
about 8% lighter than the truss beam design. For all design studies, specific analysis 
techniques tailored for metal matrix composites were developed, based in part on tech- 
niques already developed for resin matrtx composites and in part for conventional metal 
structures. These techniques were fully verified by successful testing of the Stringer 
Test Assembly and the Component Test Asgembly conducted at room temperature and 589OK. 
This effort has been completed. 

Of the remaining designs, the truss beam and the shear web beam thrust 

' 

. .  
Phase IS1 - Process Technolosy Development - This work was concerned with improving 

the procedures and techniques used to fabricate boron-aluminum structures from monolayer 
foils, The primary emphasis was placed on the cleaning, coating and bonding thermal 
cycfes associated with the eutectic bonding process and on improving lay-up procedures 
to reduce fabrication costs. 
of eutectic bonded parts were improved significantly at the same time that processing 
costs were reduced. 
tions which governed the successful fabrication of test components and the full size 
compression panel. 

As a result of these studies, the quality and reliability 

This work was completed with the preparation of process specifica- 

Phase XV - This effort included the mnufacture of selected joint configurations, 
the component test specimen, the stringer element test specimen and the comp3ete 1.22m 
(68 inch) x 1.83m (72 inch) compression panel, 
and delivered to the responsible test agencies, 
were the development of a mechanical forming technique which enabled producing the 
Varfable cross section stringers comprised of between 52 t o  5 plies with "hard to fUrm" 
titanium interleaves and the fabrication of the large 1.22~11 by 1.83m (4 x 6 ft) variable 
thickmess complex skin of 62 to 10 p l i e s ,  also with titanium interleaves, The SUCC~SS- 
ful fabrication of these test articles has demnstrated the present day capability to 
produce complex boron-aiumfnum composite assemblies of consistent sound quality. 

These units were successfully fabricated 
Notable in the fabrication achievements 

Phase V .. Work performed under the Test and Evaluation Phase include4 perfoxwr.ce 
Further, ,of faint tests, the component tests and the stringer element test by MDAC-E. 

a Test Plan was prepared by MDAC-E for the compression panel test by WFC followed bY a 
summary report by MDAC-E of all program testing. Under Phase V testing, two slgn!ficanl 
mflestones in panel design verification were achieved: t;he successful testing tc ui-tL- 
mate design load (or equivalent) of the 1 . $ 3 m  672 inch) Stringer Test Assembly at  roo:- 
teqerature and the 0.61m (24 inch) x 1.Llm (48 inch) Component Panel Test Assembly b.C 
58g°K (6000F). 
Pounds was applied to the test assembly a t  room temperature; this is ec[ufvalent t 4 -  ") ' 

In the test of the Stringer Test Assembly, a maximum load of 100,UM) 

4SFC * F m  3S0-X (March 1973) 
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Components 

R'r%JS : Technical Progress : (Continued) 

'J'lhger Design Ultimate Load (DUL) of 50,000 pounds at 589% (60OOP). 
*'rJ1' .+k test at 58g°K, a maximum load of 400,000 pounds (more than 1.15 times DUL) was 
'".I'#4ved at 589OK; subsequent panel inspection revealed only minor structural damage. 
'k'h results of these tests, coupled with the evaluation of associated test strain and 
tj'fi!&ctlon data, fully verified the full size Compression Panel design. 

In the Component 

Phase VI.- After the completion of the above five phases, a twelve month extension 
\rils Riven to the contractor. 
" f qtructural test of the boron-aluminum panel. 

This time will allow the contractor to perform analysis' 

N'lj@&ment Progress: The contract was extended to June 30, 1974 at no additional cost. 

tlkjlJciasions: 

trhoPgrty data and raw material quality have now stabilized to the point where rational 
4H'J *Ittractive design allowable data have been developed, The processing required for 
kttr "It-aluminum fabrication has been clearly transformed from a laboratory operation 
'tek&s to a production shop status with appropriate process specifications developed to 
t'trW#de part quality assurdnce. ' L W j  licantly advanced. 
':'led re-inforcement techniques have been successfully designed, fabricated and tested 
' 0  O+tess of design ultimate loads at temperatures up to 589% to provide confirmation 
''f 

''wveIbped to .the point where its use can provide significant weight savings, system 

' ' t ' ' a g  vehicle systems. 

Sufficient technology and test data have been developed to permit applica- 
h bf boron-aluminum to Space Shuttle components with high confidence. Mechanical 

The design and fabrication technology have also been 
Cdmplex tapered and contoured scructures utilizing sophisti- 

developed technology. In summary, the boron-aluminum material system has been 

khit-mance improvements and increased payload capabilities for the Space Shuttle or 

_.- 

V"'eCht: Contractual work is scheduled to be completed on June 30, 1974. 
t 
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4ynamics mdi Aeroelasticitv 

RESPONSIBLE I # ~ + ~ V ) O U A L :  TELEPHONE: APPROVAC: 

S&E-AERO-IJ!I:; 
Larry Wef 1 Ynq 2051453-2527 Robert S. Ryan 
ACCOMPLISHMC i f  i s  (wleStonel, y ~ ~ ~ c ~ 6 .  Near term actlvitles): 

LI_ TASK: 
Contract No, 

hunf,)r  Vehicle w&c:iLoads Optimization 
uS8-26352, Lockheed Missiles and Space Co, P. 0. Box 504, Sunnyvale, CA 

OBJECTIVE: 
of structural weight ic&A€ng all static and dvnamic load considerations. 
structural l f e m  such 23 5mtrol and oropulsion parameters, both linear and nonlinear, 

20 develop L closed-loop iterative design approach €or the minimization 
Non- 

Will be inc1clded. 

APPROACH: 
des ign  of a Klven StruCtaze given fixed loads. 
to make Cnnlprterized redka3- feasible within computational state of the art and 
economic Coj,nlderations. %en the relationships between the total loads and the 
feedback PL\rnmeters will 5% developed. 
resulting notrlinear equatP/ms will be developed. 

!!fret develop 2 s  efficient orogram for the calculation of fully stressed 
Righ efficiency is reauired in order 

. 

A numerical procedure for the solution of the 

STATUS : 

Technical Pro&ress - ~ohe!  

Management Prclgress 
20 11 72. 
Research CenLer, 

puryf~ for development of optimization methods were cancelled 
Cotlcrac+ remine open for Derformance of related work funded by Langley 

Work ig ezpected to be completed 30 06 74. 

Conclusions I- None Problems -- None 
. REPORTNO.: TllLlZl AUTHOR(8)r DATE 

TRANSMtlTEO 
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Aeroelast I c  i t y  

TELePHONEi APPROVAL: 
_c 

RESPON5IOLC INOlVlOUALl 

J, R. Admire 45 3-4387 H. R. Cotdwater 

=I(: 
NAS8-26750 Mart in  Marietta Corporation 

ACCOMPLISHMENTS (Mil8StOfIOs. PrOblOmS, Near trrm actlvitles)r 
Evaluation of  Modal Analysis Techniques - 

DBJECTlVE(S1: The emphasis on correct  analy t ica l  predic t ion o f  s t ructura l  loads has 
been steadi ly  increasinq. As a consequence, dynamic models have been improved which 
resul ts i n  large models: 
problem providing the modal character ist ics o f  the structure.  Thus, as the dynamic 
nodels a re  .improved the eigenvalue problem becomes larger, and the time consumed. 
to ext ract  the eigenvalues becomes a major economic factor.  Consequently, d i f f e r e n t  
and more e f f i c i e n t  methods o f  modal analysis must be developed. 

4PPROACH: 
i n  computer time. This method i s  an i t e r a t i v e  appl icat ion o f  the Rayleigh-Ritz 
pr inciple.  The method w i l l  be thoroughly evaluated t o  determine i t s  value f o r  modal 
analysis o f  aerospace type structures. 

- STATUS: 
modal analysis methods were developed based on the i t e r a t i v e  Rayleigh-Ritz technique. 
Thest--ziithods were programmed f o r  a d i g i t a l  computer, and the resul ts  were compared w i th  
other modal analysis programs. The resul ts o f  t h i s  comparison indicate that  i t e r a t i v e  
Rayleigh-Ritz methods ace computationally fast  and accurate. The theory, numerical 
resul ts  and computer programs are documented i n  the f i n a l  report .  
Management Progress, Concl us ions, E Probl ems--None 
Forecast--This w i l l  be the l a s t  report  submitted on t h i s  study. 

The heart o f  most dynamic response problems i s  the eigenva,ue 

I .  

A method o f  modal analysis has been proposed which shows potent ia l  savings 

/ 

Technical Progress--The technical objectives o f  t h i s  study have been met. Four 

TITLE: AUTHOR(r)x DATE 
TRANSMITTED 

. REPORTNO.: 

MMC # MCR-73-310 Final Report “Evaluation o f  Modal R. L. Wohlen %Dee. 1973 
Anal ys i s  Techn i quest‘ W. A. Benfield 

R. A. Phil ippus ? 
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HtTCONSlDLE IdOIVIDUALt TLLECHOHEt APPROVAL: i 

453-4387 H. R. Coldwater R .  L. McComas 

ACCOM~LISHMICLITS (Mllesfansr, Pro~Iomr, Near term 6etlvltles)i 4 

I 
'ASK: 1 -  F l e x i b l e  Body/Water In te rac t ion  During Water Impact 1 
AS8-28522 Universal Analyt ics,  Inc. 

IsJECTlVE(S): 
pace Shut t le  Booster So l i d  Rocket Motors dur ing water impact and develop a computer 
rogram to pred ic t  pressure loads and in te rna l  loads. 

I 
To develop hydroelast ic  dynamic analysis methods appl icable t o  the 

,PPROACH: 
lody dynamic response o f  sol i d  rocket motor resul t i n g  from water impact. 
he resu l t s  obtained from the i n i t i a l  study, formulate the equations to represent a 
i g i d  SRM vehic le  enter ing the water i n  a t a i l - f i r s t  mode and a broadside mode and 
o determine the r e s u l t i n g  pressure and response. 

Recommend and develop ana ly t i ca l  methods f o r  p red ic t i ng  the r i g i d  and f l e x i b l e  
Then, us ing 

Incorporate the equations i n t o  NASTRAN 

;TATUS: - 
lave been completed. 
'he de l i very  o f  the program hd been scheduled for March 22, 1974. 
bnagemnt Progress--A no-cost extension t o  the  contract  unt i l  November 30, 1974 was 
granted March 21, 1974. 
later impact analyses. 
'rob 1 ems--None 
:OrecaS t--None 
Conclusions--None 

Technical Progress-The analysis techniques, equations, and computer coding 
Problem demonstration has been accomplished on the JPL computers. 

This e x t e n s i o n ' w i l l  perform Slapd- (Rotation of SRM into water 

. REPORTNO.: TlTLE: AUTHOR@)% DATE 
TRANSM U T E O  

t 
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1. RESPONSIBLE I NDI V ID’JAL: TELEPHOM: APPROVAL: i 
205-453-0176 W. K. Dahm X&X-AERO-AU 

Jess 11. Jones 
I i 

,. ACCOMPLISHMENTS (Milestones, Problomr. Near term aCtiVltlOS): 

- TASK: 

NAS~-28588, University of Alabama a t  Huntsvil le,  Huntsvi l le ,  AL 

OBJECTIVE(S): 
vehic le  acoust ic  environment for a given vehic le  configurat ion and propulsion engine 
cha rac t e r i s t i c .  
noise  theory first formulated by Pao i n  1970. As a result of t h i s  formulation, 
important j e t  noise emission mechanisms in  supersonic, high temperature j e t s  r e l a -  
t ive  t o  ove ra l l  noise in t ens i ty ,  spectrum, and d i r e c t i v i t y  have been r igorously 
defined. 

.determination of nea r f i e ld  and f a r f i e l d  noise pred ic t ions .  

APPROAd: the  ‘exis t ing 
‘computer programs s h a l l  be re f ined  such t h a t  the sound pressure f l u c t u a t i o n  environ- 
ment f o r  given Shut t le  vehic le  configurations can be predicted;  secondly, t h e o r e t i c a l  
ana lys i s  s h a l l  be performed i n  areas of fundamental i p o r t a n c e  t o  f u t u r e  advancements 
of technology i n  the i d e n t i f i c a t l o n  of acous t ica l  pressure loadings on the s t r u c t u r e  
of t he  Space Shu t t l e  and adjacent  regions. 

STATUS: Technical Progress: F ina l  adjustments t o  the  rocket noise  p red ic t ion  com- 
p u t e r  program have been made. This program has been w r i t t e n  according t o  the f u l l  
Phill ips-Pao theory of jet  noise  rad ia t ion .  I ts  layout contains  four  main portions:  

Inves t iga t ion  of’ the Jet Noise Prediction Theory and Application Utilizing 
the PAD Formulatlon 

The object ive of t h i s  e f f o r t  is t o  spec i fy  the  c r i t i c a l  Shu t t l e  

It is based on recent  developments of an advanced aerodynamical 

Computer programs developed using this approach are now avai labIe  f o r  the 

This e f f o r t  includes inves t iga t ions  i n  two main areas: 

’. REPORTNO.: TITLE: AUfHOR(8): DATE 
TRANSMITTED 
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the WKBJ transformation, self-noise calculation, and shear-noise 
edcz la t ion .  
tur%d-ence intensity profile,  turbulence structure, and special functions. 

1,n addit'ion, there are subroutines for  defining quantities such as 

The calculation of the overall noise radiation from rocket exhaust flows i s  
bas& on a "sli'ce and segment" scheme. 
sEc5-a dong the centerline of the flow. For each slice,  characteristic spat ia l  and 
teq5ra.l scales of the turbulence are defined. - Drcz-attly nine annular segments. 
sssL>ed t o  each segment according to  the mean flow properties, For each slice,  the 
3 X Z Z  5ransfomation is  defined, and the self-noise and the shear-noise are cctmputed 
accalding t o  the theory. The function of the master program is t o  execute such cal- 
cule",ons for each s l ice ,  and t o  coordinate the bookkeeping and output of the accumu- 
late2 noise radiation by the entire rocket f l o w .  

The exhaust flow is  divided into 20 or 25 

Each s l ice  is further divided into ap- 
Individual convection velocity and temperature are 

I n  the checkout calculations of th i s  program, the noise radiation characteristics 
are computed for  individual sl ices.  
the  Wnstream quadrant, the noise is  governed by both the shear-noise and self-noise, 
w i t h  predominately the contribution of shear noise near the axis of the je t .  
upstream quadrant, however, self-noise dominates. 
of the j e t ,  the noise source is  located mainly i n  the outer segments of the je t .  
Hence, sound intensity at  these angles w i l l  be underpredicted i f  only one typical 
semerit of the j e t  i s  chosen t o  represent the entire s l ice ,  which i s  commonly done for  
j e t  noise calculations. 
%reeB quite well with experimental results. 
been made t o  +rove the predicted accuracy for practical  calculations. 

Manwement Progress: 

Conclusions: The theoretical results obtained to  date are significant because they 
provide a means to  obtain f o r  the f i r s t  time, a detailed evaluation of the basic noise 
characteristics of jet/rocket exhaust flows. 

Some interesting trends have been observed. In  

In  the 
For noise radiation near the axis 

The direct ivi ty  pattern as predicted by the current method 
Adjustments t o  the input constants have 

This effort has been terrainatetl due to the lack of funds. 

~. _ _  
Problems: None I Causes of Problems: None -~ 

I Forecast: None 'L 

Publications: "Investigation of the Jet Noise Prediction Theory and Application 
Stifizing the Pao Formulation", by S. P. Pao, University of Alabama in Huntsville, 
November 1973. This is the final report. 

t 
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Space Shuttle Dynamics and Aeroelasticity 

TITLE: 
1 

R€SPONSIELE INDIVIDUAL: TELEPHONE: t APPROVAL: 

S&T3-AERO-AU 205-453-0176 W. K. Dahm Jess 11. Jones 
I 1 

ACCOMPLISHMENTS (hmlertonsr, Problems, Near term actlvltler): 
AnalytLcal/Experimental Study of Noise Suppresshn During Hokddm of the 

i h K :  Space Shuttle 
m-28566;  Chrysler Corporation, Huntsville, Alabama 

OBJECTIVE: 
launches have.long been recognized as a problem. These environments affect  the land 
use around the launch pad, the vehicle structure, and the launch support equipment. 
To counteract the increase i n  sound pressure levels with each new generation of 
boosters it i s  imperative that  improved techniques be developed t o  suppress these 
bigh.noise levels. Noise suppressors have been proven effective against ground-runup- 
noise i n  jet engine noise abatement programs. Therefore, it is  essential  that  noise 
suppression techniques be developed t o  reduce the intense rocket noise environment 
develqed by the Space Shuttle during launch holddown and s ta t ic  testing. 
t ive of th i s  effor t  is  t o  perform an analytical/experimental study of possible noise 
suppression techniques for the Space Shuttle propulsion system. 

High intensity acoustic environments associated with space vehicle 

The objec- 

/ 

This effor t  has been expanded t o  obtain basic design information that  is  t o  be 
The used in  the development of the Space Shuttle launch f ac i l i t y  deflector design. 

Space Shuttle propulsion system presents a unique problem i n  terns of launch f ac i l i t y  
design requirements. 
concern t o  launch f ac i l i t y  design personnel. The two solid motor exhausts are ir: 
opposite directions and the H i  Pc exhaust i s  normal t o  it. 
the insurance that  modification to  the existing Launch Complex 39 fac i l i ty  can be made 
so  that  the exhaust products can be adequately discharged from the launch faci l i ty ,  

The three separate exhaust ducting arrangements are of special 

O f  particular concern, i s  

. REPORTNO.: TITLE: AUTHOR(%): DATE 
TRANSMITTED 

t 
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(Gntinuation Sheet) PAGE -2 OF 

OBJECTIVE (CONCLUDED): It is mandatory that each exhaust duct be designed so that it 
does not restrict the exhaust flow which will in turn result in pressure buildup within 
the duct and at the base of the Space Shuttle and possible degradation in the perfor- 
mance of the Space Shuttle propulsion system. Adequate design of the exhaust deflector 
duct system can only be accomplished by testing. 

APPROACH: 
exhaust deflector ducts has necessitated the need for a joint MsFC/KSC Cold F l w  
Launch Deflector Design and Noise Suppression Test. This joint program will provide 
basic information with respect to the orbiter and SRB’s exhaust flow design require- 
ments and relative effects of potential beneficial noise suppression which can be 
achieved by covering the exhaust ducts. 
f ol lowing : 

a. Develop, design and fabricate a cold flow model and implement a cold flow test 
program (to be conducted at MSFC) to establish basic design information for the Space 
Shuttle launch facility deflectors. 

The current design of the Space Shuttle launch facility with three separate 

Specifically, this study will consist of the 

b. Design, develop and implement a noise suppression program, using a covered duct 
technique, with optimum launch deflector configurations to provide an assessment of 
the potential advantage of this approach. 

c. 
facility and SSV configuration so that corrections can be applied to the existing 
Space Shuttle environmental estimates for the on-pad conditions. 

Perform an analytical analysis of the diffraction effects caused by the launch 

STATUS: Technical Progress: Theoretical analysis of the formulations for diffraction 
and scattering of the Space Shuttle acoustic field due to the launch facility and 
vehicle has been conducted. Refinements to the formulations have been made with 
emphasis on computing the resultant diffracted spectrum assuming a known free field 
spectrum. A summary of these program developments and some numerical results obtained 
using these programs has been documented. 
scattering on the overall pressure level is insignificant with respect to the measure- 
ments at the Shuttle surface. 

It has been found that the effect of 

The effect on the spectrum levels is significant however 

Acoustic measurements and static pressure measurements have been performed utiliz- 
ing the 1/60th scale model for the Space Shuttle/Mobile Launcher. 
designed to obtain information concerning the (1) effects of Shuttle drift, (2) Shuttle 
exhaust/rnobile launcher - deflector interference effects and (3) noise reduction ob- 
tained by covering the exhaust trenches. Data reduction and analytical analysis of tht 
acquired data is in progress. 

These’tests were 

Manawmnt Progresz: This effort is presently being extended. 

Conclusions: None 

Problems : None 
Causes of Problems: None 
Forecast: 
modification of the Saturn V Launch Complex 39 facility for use in the Space shuttle 
program. 

Results of this study will be used to provide design information for the 
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Publications:  
During H o l d d m  of the  Space Shut t le ,  Vol. I, J. Seracki,  October 1973. 

on Space Shut t le  Acoustic Environmentst1, Vol. IS, Tsin N. Lee and T. Sato, February ' 
1, 1974. HSM-R20-73, "Analysis of Scat ter ing of Acoustic Waves by a Cylinder", 
Vol. 111, Tsin N. Lee and T. Sato, February 5, 1974. 

HSM-R13-73, " A n a l y t i c a l / E x p e r i n t a l  Study of Noise Suppression 

HSM-R13-73, "Effects of Di f f rac t ion ,  Sca t te r ing  and Reflect ion of the Launcher t 

I 

t 

- . . . . . . - ,- . 

e -  

MSFC - Form 350-1 <Me?Cb 1973) 
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sP%c:c,p Shu t t l e  Dynamics and Aeroe la s t i c i ty  

5. R~%XVSIPLE INDIVIDUAL: TELEPHONE: APPROVAL: 

205-453 -0176 W. K. Dahm 
s&L).ERO-ATJ - 
JT+;s II. Jones 

‘rpZ: Wave Propagation i n  Themoviscous Media 
r%%26fd~~$; Washington University, S t .  Louis, Missouri 

_? OM?,””I?ve: 
~ f 2 ~ ~ ~ i r i c a l  technique f o r  es t imat ing the nonlinear noise  f i e l d  adjacent to j e t  
and rocket exhaust flows. 

@E3ACH: This e f f o r t  is  a cont inuat ion of a t h e o r e t i c a l  s tudy which was i n i t i a t e d  
W i t &  OART funding, 
obf&,,ined which descr ibes  the  wave propagation c h a r a c t e r i s t i c s  i n  thermoviscous media 
that, is  v a l i d  fo r  one-dimensional and axisymmetric conditions.  Spec i f i ca l ly ,  t h i s  
StWPj w i l l  (1) examine i n  detai l  the one-dimensional solut ion,  (2) obta in  an exact  
mathmatical  charac te r iza t ion  of t h e  three-dimensional model equations , (3 1 obta in  
e m l i c i t  a n a l y t i c a l  so lu t ions  f o r  the  three-dimensional equations f o r  s p e c i f i c  regions 
Of i n t e re s t ,  (4) develop numerical methods for the ccanputer-&ided so lu t ion  of other  
thrw+dirnensional problems, and (5) e s t a b l i s h  the  manner and mechanism of energy 
disgipation. 

--- 
6. AC?I‘,WUPLISHNIENTS (M118stonor. Croblemr. Nom torm rctlvltla): 

-* 

“his study e f f o r t  is  d i r ec t ed  towards the develupment of a n a l y t i c a l  

A t  the present  s tage  of inves t iga t ion ,  a so lu t ion  has been 

STNWS: It is customary t o  der ive a general  equation f o r  non- 
lin%,r acoust ics  involving the  f luc tua t ions  of dens i ty  and pressure  about t h e i r  
eWl,librium value.’ However, by using dens i ty  and pressure as dependent va r i ab le s ,  a 
general equation can be derived which seems t o  o f f e r  some advantages. This has been 
dons and a r e s u l t a n t  three-dimensional equation governing themnoviscous wave propa- 
gation has been obtained. 

Technical Progress: 

i a 
This equation i s  i n  d i f f e r e n t i a l  form and an exact  solution 

--. 
7. REPOkt NO.: TITLE: AUTHOR(S): DATE 

TRANSMITTED 
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: f o r  the two-dimensional form has been obtalned. 
a t ion  does not appear t o  be in tegrable  ana ly t i ca l ly ,  

hef,/.c~r=r, this i s  s t i l l  under invest igat ion.  

c d 
fif 

Further,  th i s  three-dimensional equation 
(,e shvm t o  redcrce to Burger's and Kuznetsov's equation aad f o r  the case of con- 

,g~ ber35 t o  the equations of Zabolotskaya and Khokhlov. 

/z nmz-ber of techniques fo r  obtaining approximatfops are under inves t iga t ion .  
,../,~ligues that appear most promising are p i s ton  rad ia t ion ,  per turba t ion  so lu t ion  of 

; /,y documented as a n  inter im repor t .  

The 
%e 
Go; 
be _. 

;;,+erg and parabol ic  i nequa l i t i e s  approaches. The results of the  study t o  date  a re  
This repor t  is scheduled t o  be released i n  

oc t,w=-* 

I/laL,,iwnent * , .  Progress: This study has been extended through June 1974. 
c.- 

1 . j  usions: None C W t L  - 
Pr ,J~ j ems : None 
Ca,,!fes of Problems: None 
FVLt.~.ast: As a result of this study, fundamental advances in the understanding of 
tlte ~bree-dlmensional propagation characteristics of a nonlinear wave in a viscous 
metllrrm w i l l  be made. 

c_ 

c_ - -- _._ 

/ 

. -. 
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I. CENTER: 2. PERIOD COVERED: 3. CODE 

CURRENT NO.: PRIOR NO.: 
MSFC o i  i o  73 31 03 74 976-3 0 - 5 0 

4. TITLE: 

Contract NO. NAS8-29616, The City University of New York, New York 

appears that the parameters  having the greatest  effect upon the SRB w a t e r  entry and 

ese sea-state descriptors at any given instant are applicable to  SRB water entry, but 
o r  all other operations (afloat, secure, towback recovery) where s o m  considerable 
ime interval is involved exposure period statistics and unfavorable sea-state duration 
imes must  be developed. 

APPROACH: 
sea surface spectral  data. 
water entry and recovery area, wi l l  provide sea surface information on all pertinent 
frequency bands and the direction f rom which they propagate. F rom these sea-state 
spectra develop point statistics, exposure period statistics, and persistency statistics 
for all phases of the SRE w a t e r  recovery operations. 

F rom a detailed wind analysis of the Atlantic Ocean generate 3-dimensional 
Each spectrum, computed for several  grid points in  the SRE 

TITLE: AUTHOR(s): DATE 
TRANSMITTED 

7. REPORT NO.: 

Fourteen monthly progress reports have been received. 
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TATUS: Technical Progress:  Checkout of the new wave forecasting model has been 
ompleted and limited production runs a r e  being attempted. 

Management Progress:  Contract'NAS8-29616 was modified to extend the 
teriod of performance for three months to April 1, 1974 with no change in funds. 

Conclusions: The wave forecast model wi l l  produce better Ocean data for 
me in SRB attrition studies, 

Problems: Difficulty in obtaining sufficient manpower -and c6rnputer time 
o generate sea-state statist ics from the wave forecasting model were encountered but 
vere overcome in December 1973. 

Forecast: Develop one year of ocean wave climatology applicable to the Cape 
Cennedy'SRB recovery area. 

i 
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S t r  uc t uros 
P I  

C. #?ESP~>NSIBLF INOIVIDUAL: TELEPHONEa APPROVAL: 

J, E. Key' 453-4349 H. R. Coldwater 

Incremental Proof Test Feas i b  i 1 i t y  
;- ~~-c,+~p~~,, (MENTS (Mil.ltonai, Problems, Near torm adlvltler): - TASK: 
m8-2851Jt North Aver ican Rockwell 

QBJECTIVE(~): To study the f e a s i b i l i t y  o f  performing low l eve l  proof  t e s t s ' a t  regular 
in te rva ls  over the l i f e  o f  the Shut t le  instead o f  one high l eve l  proof t e s t  p r i o r  
to the f i r s t  f l i g h t .  

. 

APPROACH: To perform a n a l y t i c a l  studies t o  determine the advantages and disadvantages 
of the Incremental approach o f  proof t e s t i n g  when compared to one h igh l eve l  proof 
t es t .  St ructura l  weight, cost  o f  damage due t o  premature f a i l u r e ,  etc., s h a l l  be 
mns1dersd I n  t h i s  e f f o r t .  

STATUS. Technical Progress-The work ou t l i ned  under Approach has been completed, and 
the  f i na l  repor t  described below i s  ava i lab le  fo r  d i s t r i b u t i o n .  
Hanagment. Progress-Since t h i s  contract  i s  complete, t h i s  progress repo r t  terminates 
report: i ng . 
hnclusiorirr--Sol i d  Rocket Booster Case - Incremental proof tes ts  between miss ions would 
increase the serv ice r e l i a b i l i t y  a t  the expense of  the cost  o f  performing the t e s t  and 
a small Increase i n  the chance of  f a i  l u r e  dur ing the tests. Orb i ta l  M a n e u v e r h  
Subsystem - The he1 i.um bo t t l es  of fer  a substant ia l  weight savings when proof tested 
i n c r c m n t a l l y .  

Problems--None 
Foreces t- None 

-* 

Power Reactant Subsystem - The expense for removal and r e i n s t a l l a t i o n  
of there tanks fo r  incremental proo'ftesting i s  p roh ib i t i ve .  

. .. 

r. REPORT MO.I TITLES AUTHOR(s): DATE 
TRANSMITTED 

SD 73-SH-6264 Invest igat ion o f  Incremental James Noe l  Dec. 1973 
P r o o f  Test ing 



I 320 

MS FC 01 10 73 31 03 74 
TITLE: 

Structures 

RESPONSIBLE INOIVlOUACr TELEPHONE: APPROVAL: 

J. E, Key 453-4349 H. R. Coldwater 

TASK: - 
NAS8-28569 Grumman Aerospace Company 

OBJECTIVE(S): 
of axisymnetric t h in  she l l s .  This development sha l l  be incorporated i n t o  an e x i s t i n g  
computer program for p red ic t i ng  e l a s t i c  stresses i n  she i l s  o f  revo lu t ion  subjected t o  
symmetric and unsyrmetr i c  loading. In  add i t ion  t o  the above extens ions processes 
tha t  are present ly k i n g  done by the program user w i l l  be automated, and p l o t  rout ines 
will be incorporated t o  f a c i l i t a t e  the program user. 

APPROACH: A thorouqh l i t e r a t u r e  search sha l l  be conducted, the theory s h a l l  be 
formulated, and a computer program sha l l  be developed fo r  ca l cu la t i ng  stresses and 
displacements i n  axisymmetric she l l s  tha t  experience p l a s t i c  deformations. 

- 0  STATUS- T e c h  ica1 Progress-The work out1 ined under Approach has been completed, and 
the f i na l  repor t  i s  forthcoming as a NASA CR. 
Management ProgreSs-Since t h i s  contract  i s  complete, t h i s  progress repo r t  terminates 
repor t ing.  
Conclusions-The programs t o  accomplish the above object ives are operat ional  on the  IBM 
360 ser ies and UNIVAC ser ies of computers. 
selected tes t  problems. Copies o f  the programs and documentation w i l l  be made avai lable 
to any requester.. 
Prob 1 ems-- None 
For ecas t-- None 

ACCOMPLISHMENTS (Mle*t*nrs, ProbUms. Near term actlvltles): 
Development o f  a Method fo r  E l a s t i c  P l a s t i c  Analysis o f  Branched Shel ls 

The (Jbjective o f  t h i s  program i s  t o  develop theory for  p l a s t i c  analys is  

.. 

The programs performed very we l l  on the 

." - 

REPORT NO.: TITLE: AUTHOR(%): DATE 
TRANSMITTED 

NASA CR Numertcal Nonl inear Ine las t i c  V. Svalbonas 'i 

Analysis of St i f fened Shel ls o f  H. Levine 
Rev01 ut: ion 

-----------------------------*---------------'------------------------------------------ 
FIRST BENEFlTTlNG PROJECT: Space Shut t le  



TASK: Thermal Support: f o r  Space Shut t le :  NAS8-25569, LMSC I 
OBJECTIVE: Perform Shu t t l e  TPS analyses i n  support of t h e  t e s t i n g  program to v e r i f y  
S h u t t l e  TPS designs.  I n  add i t ion ,  spec i fy  test art icles,  test environments, methods 
of s imula t ion  and instrumentation plans.  

APPROACH: Develop a computer model of candidate Shu t t l e  TPS designs including a l t e r n a t e  
designs. 'To be included a r e  e f f e c t s  of v a r i a t i o n  between simulation environments and 
f l i g h t  env2ronments such a s  water vapor pressure, blocking e f r e c t ,  and shear  and enthalp: 
v a r i a t i o n s ,  
pu te r  models, recommendations w i l l  be made a s  t o  tests t o  perform, inetrumentation 
requirements, and methods of simulation, 

From r e s u l t s  of var ious  environments and conditions imposed on these  com- 

STATUS: 

I 

~ Tank (ET). 
' tests, 

Technical  Propress: The f irst  accomplishment of t h i s  t a sk  has been i n  analyzing 
and c o r r e l a t i n g  data  from thermal tests of foam and ab la to r  TPS systems f o r  t h e  External 

An a n a l y t i c a l  thermal model has been developed t o  p red ic t  sur face  recess ion  
These ET TPS tests include both Hot Gas f a c i l i t y  (HGF) tests and r ad ian t  

and i n t e r n a l  foam temperatures i n  t h e  HGF tests. Also, a n  ana lys i s  was performed on 
t h e  similarities and d i f fe rences  between the  conditions of the HGF tests and those t o  

The f e a s i b i l i t y  of using BX250 on t h e  'wh ich  t h e  F Z  TPS w i l l  be exposed t o  i n  f l i g h t .  
, a f t  dome, UIX t ank  and Lntertank of t h e  ET was inves t iga ted .  It appears t h a t  BX250 may 
be acceptable  as an a l t e r n a t e  t o  ab la to r  i n  these a r e a s  pending b e t t e r  d e f i n i t i o n  of 

7. REPORT NO.: TITLE: AUTHO R(s) : DATE 
TRANSMITTED 

C-HREGD30662 "Therm 1 Support f o r  Space W, G. Dean 
S h u t t l e  Second In t e r im  
Fina 1 Report" 

June 1973 
% 
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STATUS : 

Technical Progress: (Continued) environments and more extensive tests of 
BX250 foam. 

Mananement Progress: This  t a s k  i s  a n  add i t ion  t o  cont rac t  NAS8-25569 (Lockheed 
Missiles and Space Company). 
extending the period of performance t o  February 28,  1975. 

Contract modification was signed March 12, 1974 

Conclusions: The thermal model developed gives  a f a i r  co r re l a t ion  with experimenta 1 
data Over a narrow range of conditions,  However, t o  make the model useful i n  pred ic t in]  
f l i g h t  performance, it i s  being revised a s  more data becomes avai lable .  Although the 
heating r a t e . i s  adequately simulated i n  the  EGF, the aerodynamic shear, f r e e  stream 
enthalpy, s t a t i c  pressure and f r e e  stream oxygen content a r e  d i f f e r e n t  and add i t iona l  
tests a r e  recommended t o  determine the exact na ture  of their  e f f e c t .  

Problems : None 

/ 

E 

-- 

t6FC - Fonn 350-1 (Much 1973) 
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RCH AND TECHNOLOGY OPERATING P 

Structures 
APPROVAL: ' 5 .  RESPONSf BLE lNOf VIDUAL: TELEPHONE: 

SGE-AERO-D 
Robert S. Ryan , 2051453-24 81 Robert S. Ryan 

TASK: 
Contract No. NAS8-28299, Honeywell, Inc., Systems and Research Division, 
2345 Walnut Street, St. Paul, MN 

OBJECTIVE: 
vehicle design considering trajectory, control, and structures. 

-6. ACCOMPLISHMENTS (wiertoner. Problems, Near term actlvltler): 
! Control Trajectory and Loads Optimization 

7 

Develop and integrate a computer program that simultaneously optimizes 

I APPROACH: I 
1 

1 Phase I - Optimization technique T- Develop an interdiscipline optinization routine; 
~ develop basic program using RAGMOP* trajectory and boost six-flight control decks. 
I Tie together these programs in an acceptable manner and make provisions for additional 
~ modules, such as structural loads and weight. 

Phase I1 - 
Incorporate into program of Phase I. 

Phase I11 - 

Structural model -- Develop a structural loads and weight module. i 
I 
I 

Documentation -- Document and provide computer program. 
i 

~ 

STATUS: 
I I  

I Technical Progress - A basic program that meshes RAGMOP, a load module, and pitch 
plane 3-0 control module together has been completed. No optimization between the 
total loads has been made. Sensitivity of vehicle weight to load relief gains for 

7. REPORT NO.: TITLE; AUTHOR(8): DATE 
TRANSMITTED 

FIRST BENEFITING PROJECT: Space Shuttle 

*RAGMOP is an-acronp for::Rocket - - Ascent - G-Limited - Moment-Balanced 3timization Program 

___. ~ 
-. .-  - _.. ~ ~ - -  . -  - -. . _.. - ~. - - -. - 
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cI PROGRESS REPORT 
RESEARCH AND TECHNOLOGY WERATING PLAN 

STARIS : (CONCLUDED) 

a preliminary shutt le  vehicle has been made. 
increasing the load r e l i e f  gains decreases qa. the vehicle  weight ( tota l  loads) first 
decreases then increases with increasing gains. 
loads faster than decreasing the qa. 

Munagement ~rogxess  -- 
f i m l  reDort received. 

Conclusions -- 

The resul ts  show that even though 

This is due to  increasing iner t ia l  

The contract is completed with preliminary cooies of the 

This work has been completed. 

Problems -- None 

,- 
, L 



325 i 
PROGRESS REPORT 

I 

m a €  1 OF 3 
RESEARCH AND TECHNULOGY OPERATJNG PLAN 

I. CENTER: 2. PERtOO COVERED: 3. CODE 
CURRENT NO.: PRIOR NO.: 

976 -3 0- 84 976-30-50 MSFC 01 10 73 31 03 74 
s. TITLE: 

Shu t t l e  Development 

qf&- 5. RESPONSIBLE INDIVIDUAL: TELEPHONE8 APPROVAL: 

c-.LpJ.., ~ 

S a  -AERO -AT 
David C. Seymour 205-453-1157 Werner K. Dahm I "  

,. ACCOMPLISHMENTS (hWestoner. Problems, Near term a c t l v l t l ~ ) r  

TASK: SSME Orbiter Radiation Analysisl 
NAS8-29270, Remtech, Inc. 
2603 A r t i e  S t r e e t  
Huntsvil le,  Alabama 35805 

OBJECTIVE(S~: 
used t o  generate SSME plume r a d i a t i o n  heating t o  t h e  base of t h e  O r b i t e r ,  ET, 
and SRB's. 

To develop an a n a l y t i c a l  SSME plume r a d i a t i o n  model t h a t  can be 

APPROACH_: During t h e  development of t h e  Saturn S-I1 s t age ,  a computer program 
was  developed t o  c a l c u l a t e  t h e  gaseous r ad ia t ion  from the  f i v e  S-I1 s t age  5-2 
engines. Since t h e  engines used on the  Space Shu t t l e  orbiter u t i l i z e  t h e  S a m e  
p rope l lan ts ,  i .e.,  %/O , t h i s  computer program is appl icable .  
therefore ,  t o  modify an3 update t h i s  program t o  include t h e  geometry and plume 
flow f i e l d s  of t he  Space Shu t t l e  and t o  use t h i s  program t o  generate t h e  SSME 
r ad ia t ion  cont r ibu t ion  t o  the  overall.  Shut t le  base thermal. environment. 

It i s  proposed, 

STATUS: 
developed f o r  the Saturn app l i e s  only t o  rocket engines p a r a l l e l  t o  each o ther ,  
a program w a s  developed t o  transform the  plume flow f i e l d  da t a  fo r  the  engines 
from an uncanted pos i t i on  t o  a canted posi t ion.  
together d i f f e r e n t  p a r t s  of the  flow f i c l d  obtained from d i f f e r e n t  sources. 
Several modifications which simplffy and spec ia l i ze  the  program f o r  the  o r b i t e r  
configuration have reduced t h e  computer time of t h e  r a d i a t i o n  program by nea r ly  a n  

Technical Progress - Since t h e  gaseous r a d i a t i o n  computer program 

This program a l s o  allows adding 

r. REPORT NO.: TITLE: AUTWOR(sJ: DATE 
TRANSMITTED 

'L 

FIRST BENEFITTING PROJECT: Space Shuttle 

MSFC - F o m  3 6 0  (March 19 73 ) 
. . .  .. . 
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order of Wznitude. 
ex terna l  telik and o r b i t e r  hea t  sh ie ld  have been obtained for sea leve l  conditions 
and  ore e-/-ensive pred ic t ions  are planned. 
dominantly 2rm the  shock layers  formed by the  plume i n t e r a c t i o n  of t h e  t h r e e  
engines and an approximation of t h i s  three-dimensional flow f i e l d  i s  being 
developed 

Management 2'f ogress - Contract NAS8-29270 s t a r t e d  on January 1 , 1973. 

Preliminary o rb i t e r  r ad ia t ion  heating predic t ions  t o  the  

High a l t i t u d e  r ad ia t ion  i s  pre- 

using S-I1 f l ight :  r ad ia t ion  data.  

A $33K extension t o  April  1, 1975, is expected t o  begin 
April 1, 1974. 

Publications. - None 

Remarks - Ncme / 

e 

b 
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CEWTER: 2. PERIOD COVERED: CODE 

MSFC 01 10 73 31 03 74 908-52-3 9 
TITLE: 

PRIOR NO.: 

Shu t t l e  Development 
- I 

RE~PON~IBLE iNi)lVIDUALr TELEPHONE: APPROVAL: 

S&E-AERO-AAE 
Josh D. Johnson 205-453-2519 W. K. D&IU 
AcCOMPLISHM ENTS (Mileitonqs. Problems. Near term activities): 

Tasks: Water Impact Tests  of Solid Rocket Motor Booster Models, 
IUS 8-28985: ChrysJler Corporation Space Division, New Orleans, LA 70129 

Hydrodynamic Testing and Model Hardware Design f o r  Space Shut t le '  Water Impact T e s t s ,  
H-92132A: U* S. Naval Ordnance Laboratory, S i lve r  Spring, MD 20910 

OBJECTIVE: 
used to  design the s o l i d  rocket booster (SRB) s t ruc tu re  and the  SRB recovery system. 
Spec i f ic  parameters t o  be inves t iga ted  are  pressure sca l ing  e f f e c t s ,  v e r t i c a l  impact 
v e l o c i t y  and impact a t t i tude .  Horizontal d r i f t  ve loc i ty  w i l l  not be inves t iga ted  and 
o d y  t a i l - f i r s t  en t ry  w i l l  be considered, 

Provide p a r t  of the water impact da t a  tha t  w i l l  serve as a da ta  base t o  be 

AJ?PROACH: This w i l l  be a cont inuat ion of work t h a t  was i n i t i a t e d  with o t h e r  funds; 
therefore ,  an ex i s t ing  0.08-scale model w i l l  be modified f o r  use i n  the t e s t s0  This 
&del w i l l  be droppcd i n t o  water a t  the U. S. Naval Ordnance Laboratory (NOLI Hydro- 
bal l is t ics  Tank- Accelerometers w i l l  be used to record t o t a l  model impact loads and 
pressure transducers w i l l  be used t o  record loca l  loads. 
w i l l  be used t o  record v i sua l  impact phenomena. 

pressures  and with reduced tank pressures. 

High speed motion cameras 
Tests  w i l l  be performed with ambient 

C k y s l e r  Corporation Space Division personnel w i l l  prepare f o r  and perform the required 
w a t e r  impact t e s t s .  
port- 
models and they w i l l  h e l p  pe r fom the tests. 

None t 

They w i l l  a l so  analyze t h e  r e su l t i ng  d a t a  and prepare a t e s t  r e -  
NOL w i l l  provide the t e s t  f a c i l i t y ;  NOL personnel w i l l  help prepare the t e s t  

AUTHOR(r): DATE . REPORTNO.: TITLE: TRANSMITTED 
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STATUS: 

Technical ProCsresq - Tests  of an uninstrumented model were performed during October 
1972. Results of the t e s t s  showed that ,  f o r  v e r t i c a l  en t ry  with an impact ve loc i ty  
tha t  simulated a f u l l  scale  impact ve loc i ty  of 60 f e e t  per second, the pene t ra t ion  
depth with a scaled atmospheric pressure was approximately one diameter deeper than 
for t e s t s  with ambient atmospheric pressure. 
angles 30 degrees of v e r t i c a l ,  the maximum penetrat ion depth did not change when the 
atmospheric pressure was changed. 
pheric  pressure, a f t e r  each t e s t  the model f loa ted  i n  a vertical a t t i t ude .  I n  con- 
t r a s t ,  a f t e r  tests with ambient atmospheric pressure the model f loa t ed  i n  an almost 
horizont a1 a t t i t u d e  

Results a lso showed that ,  f o r  en t ry  

One i n t e re s t ing  r e s u l t  w a s  t ha t ,  f o r  scaled atmos- 

Tests  with an instrumented model were performed during February 1973. 
instrumented wi th  nine accelerometers and th i r ty- four  pressure transducers. Data from 
these t e s t s  have been analyzed and CCSD has completed an analysis  report ,  

The model w a s  

Management Progress - The NAS8-28985 contract with CCSD has been wmpleted. 

Conclusions - I f  nozz le- f i r s t  water impact t e s t s  of SRB models are  performed i n  a 
pressure scaled envirorrmc3nt, peak accelerations,  peak nozzle i n t e r n a l  pressure,  and 
cavi ty  col lapse pressures  w i l l  be g rea t e r  than the corresponding values  t h a t  would be 
measured during t e s t s  at: standard sea  l eve l  atmospheric conditions. 
tank pressure w i l l  be smaller. 

The peak i n t e r n a l  

Problems - The f i r s t  e d i t i o n  of the CCSD-prepared analysis  report  was not a very good 
report ;  therefore,  CCSD asked f o r  and received a no-cost extension t o  their cont rac t  
go t h a t  they could rewri te  the report .  

Causes of Problems - The f i r s t  e d i t i o n  of the analysis  repor t  was prepared by CCSD 
iersonnel  who had not helped perform the t e s t s  a t  NOL; therefore,  t h e y  were not 
ban i l i a r  with the test  procedures and da ta  acquis i t ion  aechods tha t  were used during 
the t e s t s o  

Euggested Solutions - T e s t  r epor t s  should be prepared by personnel whotare fami l ia r  
with the tests. 

Forecast - None 

l?ublicationL- Braddock, W. F.; "Tes t  Results  f o r  Space Shut t le  Eooster Pressure Scalec 
Water Impact Tests (0.08 Scale Model)," Northrop Services, Inc. Report, January 1973 

hll, J. J. and mark,  K. C., "Pressure Scaled Water Impsct Test  and Analysis Report 
O f  an 8-Percent Solid Rocket Booster Model," Chrysler Corporation Space Division Report 
TN-ET-74-5, February 18, 1974 
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3. CODE 
CURRENT NO.: PRIOR NO,: 

. CENTER: 2- PERIOD COVERED: 

976 - 3 0 -84 976-30-50 MSFC 01 10 73 31 03 74 
1. TITLE: 

Shu t t l e  Development 

p .  RESPONSIBLE 1NOIVIDUAL: TELEPHONE: 'APPROVAL: a, S&J%-AERO-AT 
Terry F. Greenwood 1 205 453-1157 Werner K. Dahm 

- TASK: 
NAS8-28609, Lockheed Missiles and Space Co., Inc. 
Huntsv i l le  Research and Engineering Center 
P. 0. B o x  1103, N e s t  S ta t ion  
Huntsv i l le  , Alabama 35807 

03JECTIVE[S)-: To incorporate i n t o  e x i s t i n g  gaseous plume and plume impingement 
computer programs the  capab i l i t y  t o  c a l c u l a t e  s o l i d  rocket motor two-phase plume 
flow f i e l d s  and plume impingement e f f e c t s ;  and t o  use these  analyses t o  improve 
and update ex i s t ing  so l id  motor r a d i a t i o n  ca lcu la t ions .  

i. ACCOMPLISHCMENTS (MlI%tOnOS, PrOblrm8, Near term activltlecf: 

Study on Solid Rocket Motor Plume Flow F ie ld  and Radiation Analysis 

APPROAGII: 
plume impingement ana ly t i ca l  models t o  account f o r  t he  e f f e c t s  of s o l i d  p a r t i c l e s  
i n  t h e  f l o w  f i e l d .  Using t h i s  b e t t e r  descr ip t ion  of the  two-phase flow f i e l d ,  
the  p red ic t ion  of s o l i d  motor r ad ia t ion  can be improved. 
made of e x i s t i n g  so l id  motor r a d i a t i o n  data  from ground and f l i g h t  tests of 
Minuteman, T i t an  I I I C ,  P o l a r i s ,  etc. ,  t o  develop and improve t h e  r ad ia t ion  
ana lys i s .  
gaseous convective heat ing,  impingement pressure,  and p a r t i c l e  impingement pressure.  

It i s  proposed t o  improve and update ex i s t ing  plume flow f i e l d  and 

Extensive use w i l l  be 

The updated plume impingement ana lys i s  w i l l  include p a r t i c l e  hea t ing ,  

STATUS: Technical Progress - The coupled two-phase s o l i d  motor plume flow f i e l d  
a n a l y s i s  has been developed and is  being checked out with a v a i l a b l e  experimental 
da ta  and e x i s t i n g  uncoupled programs. 
developing adequate "freezing" cr i ter ia  and i n  t h e  flow f i e l d  chemistry ana lys i s .  

Additional work remains t o  be done i n  

7. REPORT NO.: TITLE: AUTHORls): DATE 
TRANSMITTED 

b t 

FIRST BENEFITTING PROJECT: Space Shu t t l e  

.c - 
. .  
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CURRENT NO./CODE: 

PROGRESS REPORT 976-30-84 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

(Continuation Sheet) PAGE 2 OF 3 

STATUS (CONCLUDED) 

This program is being incorporated into the plume impingement program @LIMP). An 
extensive amount of existing model and full scale solid motor plume radiation data 
from Polaris,Poseidumand Titan IIIC has been examined and is being used to update 
our understanding of solid motor plume radiation. The feasibility of using a Monte 
Carlo Technique for predicting solid motor plume radiation was investigated. 
technique will be developed further during the upcoming reporting period. 

This 

Manapement Progress - Negotiations for a follow-on extension to Contract WS8-28609 
are underway. 
Conclusions - Preliminary examination of the coupled, two-phase plume analysis 
indicates that it will be useful in generating the Shuttle design environments. 
problems - None 
Forecast - None 
Publications - LMSC-HREC TM D306995, "Prediction of Radiation Heat Transfer 

Characteristics from Solid Rocket Plumes using the Monte Carlo 
Technique," G. H. Watson, N. A. Logan and J. V. McAnally. 

LMSC-HREC TM D390063, ''Convective and Solid Particle Plume 
Impingement Heating Analysis for the SRB Separation Motors 
Impinging on the Space Shuttle Orbiter and ET," S. D. Smith and 
Y. v. &Anally. 

r 

HSFC F O ~ U  350-1 (March 1973) 
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3. CODE 
CURRENT NQ: PRIOR NO.: 

C E N T E R : .  2. PERIOD COVERED: 

MSFC 01 10 73 31 03 74 97 6- 30- 9 3 976-30- 61 
TITLE: 

S t ruc tu ra l  
RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

&E-AERO-DDD, Gaines L, Watts 205 - 453-2521 Robert S. Ryan 

- ?ASK: 
:ontract  Number NAS8-28607; Honeywell Inc. ,  Systems and Research Division, 
l inneapol is ,  Minnesota - 55413 

IBJECTIVE(S): 
system f o r  recovery of l a rge  vehicles .  

ACCOMPLISHMENTS (Milestones, Problems, Near term activities): 

Parachute Dynamics & S t a b i l i t y  Analysis 

To provide a da ta  base f o r  t he  optimization of design of a parachute 

IPPROACH: 
(Phase I) then t o  l i n e a r i z e  these equations (Phase 11) and use standard l i n e a r  
techniques t o  analyze parameter s e n s i t i v i t y  (Phase 111). 

To formulate the  equations of motion f o r  a Parachute/Vehicle combination 

STATUS: 
Technical Progress--The f i n a l  refinement of assumptions has been made. 
program have been completed and checked out. The l i n e a r  por t ion  of the programs has 
been u t i l i z e d  t o  perform Nyquist and Root-Locus analyses ,  thus allowing the objec t ive  
t o  be achieved. 

The computer 

Management Progress-The contractor  gave a f i n a l  o r a l  progress r epor t  i n  the twelf th  
month of the  contract .  
f o r  incorporat ion i n t o  the  f i n a l  w r i t t e n  report .  
program documentation are behind schedule but are expected t o  be received soon. 

F ina l  adjustments t o  the  o v e r a l l  e f f o r t  were then given t o  him 
The f i n a l  w r i t t e n  repor t  and computer 

Conclus ions: None Problem: None 
AUTHOR(a)r DATE . REPORTNO.: TITLE: TRANSh@TTED 

FIRST BENEFITTING PROJECT: Shut t le  



332 

RESEARCH AN ERATING PLAN 

, TITLE: 

Shu t t l e  Main Propulsion Technology 

. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

L. A. Gross 205 -45 3-38 16 J. A. Lombard0 I I . ACCOMPLISHMENTS (Milestones, Problems, Near term actlvltles): 

CASK: - POGO Dynamic Flowmeter Evaluation 
Cn-Ho-Js e S &E -ASTN- PPN 

IBJECTIVES: Evaluate and c a l i b r a t e  flowmeters believed t o  have p o t e n t i a l  f o r  dynamic 
Elow measurement i n  SSME t e s t i n g  under simulated operating conditions. 

LPPROACH: 
in SSME POGO t e s t i n g  w i l l  be procured and evaluated i n  a cryogenic flow f a c i l i t y  a t  MSFC. 
Che 8-inch flowmeters w i l l  be evaluatad over a frequency rsnge of 2 - 40 Hz with dynamic 
re loc i ty  va r i a t ions  the same as expected i n  SSME POGO t e s t i n g ,  The standards f o r  evalu- 
%t ion  w i l l  be 2" meters previously ca l ib ra t ed  by NBS. 
)rogram w i l l  be recommendations t o  t h e  SSME cont rac tor  f o r  flowmeters t o  be used i n  
mgine POGO te s t ing .  

STATUS: Technical Pronress: 
is ing ca l ib ra t ed  Ramapo 2-inch meters as the standard. Testing was performed over t h e  
frequency range from 2 t o  30 Hz a t  flows from 10 t o  20 lbs/sec.  
Zeveloped t o  a i d  i n  f a c i l i t y  design and da ta  analysis .  

knazement Pronress: 

Available flowmeters believed t o  have p o t e n t i a l  f o r  dynamic flow measurement 

The expected r e s u l t s  from r h e  

Testing has been completed on two 8-inch Ramapo flowmeters 

A math model was 

Ramapo flowmeters t e s t i n g  has been completed and a r e p o r t  issued. 

2onclusions: 
required f o r  SSME POGO t e s t ing .  

The Ramapo 8-inch flowmeter does not have the  accuracy o r  r e so lu t ion  

Problems : None 

'. REPORT NO.: TITLE: AUTHOR(r): TRANSMITTED DATE 

3&E-ASTN-PP(74-36) Evaluation of RAMAPO C. Miller March 1974 
Flowmeters for  SSME t 

POGO Testing 
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STATUS (CONCLUDED) : 

Forecast: 
f ac tu re r ,  f o r  r e p a i r  are i n d e f i n i t e  a t  t h i s  t i m e .  A dec is ion  t o  test t h i s  meter when i t  
is returned w i l l  be made on t h e  bas i s  of NBS test: r e s u l t s  on o the r  promising uLtrasonic 
flowmeters and t h e  MSFC f a c i l i t y  s t a t u s .  
t e s t e d ,  t h i s  is the  f i n a l  U W  r epor t  t h a t  w i l l  be issued OR t h i s  task.  

Plans t o  test t h e  Saratoga flowmeter which has been returned t o  t h e  manu- 

Therefore, un less  the Saratoga flowmeter i s  

t 
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PP t 0 R  NO.: CURRENT N0.i 

% ._ 02. - . 10-73 31 03-74 

ce Shuttle Engine and Vehicle TPS Review 

TASK: Space Vehicle mine and Heat Shield Review; NAS8-27802, B m  - 
ORJECFNE: 
and anaL ytical prediction techniques. 
analytical methodology. (3) Sdentify and evaluate probable errors associated with the 
flight instrumentation and propose a solution which w i l l  correct the errors. 

APPRQACH: Work scope has four tasks: Task 1 - Adopt the sol id  rocket plume data pre- 
v i a s l y  collected t o  the present S h u t t l x c o n f i g u r a t i o n  thraugh math modeling €or 
capability of assessing the impact of solid rocket plune emission a t  altitude. The 
methodology should include incorporation of plume-to-vehicle radiation view factor 
deteGsat%& on a rapid turn-around computer m basis. 
current operational canputer program forrflow reversal basFKEZ€ing the effects 02 cryo- 
genic engine internal boundary layer condensation phenanena w h i c h  is possible at the 
reduced puwer level operation of the Space Shuttle Main Ehgine (S). Task 3 - Evaluate 

: the base region in s tmen ta t ion  requirements of the SRM and ET as dictat-?he past 

technical report that describes i n  de ta i l  the results, conclusions, and recamendations 

STATUS: 
* Te-chnica 1 Progress: 
i i n  cursory torm only. Cryo propellant engine boundary layer condensatjon effects are 
i included i n  the flow reversal base heating model. 

IJuly 1971 - June 1972 Monthly - July, August, Oct, Nw, Jan, Feb, April:%y t 

(1) Determine the degree of agreement between f l igh t  and scale model results 
(2) Identify and implment improvements in the 1 

Task 2 - Incorporate i n  the  

1 
! 
i 

and currently available instrumentation design c r i te r ia .  Task 4 - Prepare a final 

i 1 I of the "Space Vehicle Engine and Heat Shield Review". 

F i n a l  report completed. Instrumentation evaluation included 

TITLES AUTHOR (8): DATE 
1 .  

NSMITTED 7. R E P O R T  hO.: 

war te r ly  - Sept, D e c ,  March 
Interim - June 

933- 40 - 50) 

July 1972 - Ffarch 1972 Monthly - July, August, Oct, Nov, Jan, Feb, April, W y  
Warterly - Sept, Dec, Mrbh, June 

July 1972 - March 1973 Monthly - July, Aug, Oct, Nov, Jan, Feb 
(976-30-61 and Quarterly - Sept, Dec, Plarch 
933-40-50) 

Postponement of Contiruing Effort 

Funding Delay 
Final Period of Performance Concluded with 

1 (976-30-61) 

%Kh 1973 * July 1973 - i 

I July 1973 - Sept 17, 1973 - 
Sept17, 1973 - Dec 14,  1973 

I 
1 (RTOP, 982-52-61) Final Report 

i 
-- - " ' 2 )  
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!XAlUS: (Cont hued) 

covers period from June 30, 1973 t o  1 October 1973. Funding delay til 1 7  September 
caused schedule s h i f t  of period of performance to  17 September through 14 December 
a t  no cost to Govcrnment. 
under 933-40-50 and 976-30-61 respectively. 

In i t i a l  contract signed June 28, 1971. Fifth cost extension 

Emcling of 1 July 1971 through 30 June 1973 ac t iv i t ies  

Cor@pls ions : 

migh t  Test Data - Measuring instruments influences the measured parameters 
ra ther  than being driven by them. Plume radiation characteristics cannot be 
extrapolated from one vehicle configuration to  others as has been previous 
practice. 

Scale Model Test Data - a r e  widely scattered and subject to  cpestionable interpre- 
ta t ion  and always over predict.the base thermal environment .for booster stage. 
Scaling factors remain undefined, Scale mode l  data useful primarily for trend 
&ginition but not as a design tool i n  their  present approach. 

Engine Cryopropellant Effects influence the overall base thermal environment a d  
k e  generally been ignored in  analyses and model testing. 

Base Region Flight Instnunentation not measuring the parameters they were intended 
to measure and requirement for new instrumentation is evident. 

Base Region TPS Material3 can significantly influence base region thermal 
environment.if they are highly hygroscopic. 

M y t i c a l  Models generally force too consenrative a design and indicate that the 
existing empirical correlation for base region heat transfer/flow phenomena are 
nat adecpate except in  parametric application. 

S l . i d  Rocket Motor plume rNia t ion  prediction techni'ques are not adequately 
&veloped and require development prior t o  app@cat.iqs ,.,- \<.. to  Space Shuttle/SRB. 

. I  . ld .. . 
Milestones : 

Review of a l l  SATURN I ,  IB, 6 V booster vehicle base region f l ight  and base regior 
-1 environment design criteria has been corrrpleted and critiqued and impacted 
on SS design analyses. 

&puter programs frun previous vehicle programs thmghout  the Acrospace industry ' 
haw been reviewed and compacted into a rapid turn around design tool in manual i 
and simplified programming form; convection and radiation heatirr: enviran.w% 
&€inition capability included in  ccanpanent form. 

1 
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: Problems: Analytical techniques for instmentat ion comectian not prwen and require 
furqier analysis beyond scope of work of prcscnt txtemim, I 
Relnarks: 
the  f ipa l  extension period, was submitted. 

On 30 December 1973 a complete f i n a l  report of 29 month*study inclusive of 

. Results of the study w i l l  be implementsd direct ly  into consideration of 
of Shuttle TPS and baee region heat shield instrunentation design. 

.-- 

. ,  

- - -. . - -. 
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, TITLE: 

Ins t rumenta t ion  f o r  Space Shuttle 

, RUPONStBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

S&E-ASTR-IMP 
H. Harman  1 453-5620 I W. 0. F r o s t  

, ACCOMPLISHMENTS (Mll4stOflOS, Problems, Nwf term actlvttlm): 

f TASK: 

NAS8-27442, Conrac ,  Inc., Durrant ,  CA 
NAS8-27444, Consol idated Controls  Corporation; Bethel,  C T  
NAS8-27445, Sta tham Ins t rumen t s ,  Oxnard, CA’ 
NAS8-27443, MB Elec t ron ic s ,  Gi lmore  Indus t r ies ,  Cleveland,  OH 

035 Flange  Mounted P r e b u r n e r  P r e s s u r e  T r a n s d u c e r  
F lange  Mounted Cryogenic P r e s s u r e  T r a n s d u c e r  I 

OBJECTIVE(5):  To develop  a flange mounted p r e s s u r e  t r a n s d u c e r  capable of 
meet ing  the  f requency  r e s p o n s e  and  accu racy  needed f o r  the S p a c e  Shut t le  Engine 
Cont ro l le r .  Rel iabi l i ty  and  elimination of potent ia l  l e a k  p rob lems  w i l l  be a p r i m e  
Consideration in  the  development .  

- APPROACH: A development  h a s  been init iated f o r  p r e s s u r e  t r a n s d u c e r s  capable  of 
mee t ing  the  envi ronmenta l  r e s t r a i n t s  of the Shut t le  engine p r e b u r n e r  a n d  cryogenic  
p r e s s u r e  measu remen t .  The  t r ansduce r  wil l  be  low level s t r a i n  gage  type capable  
of in te r fac ing  wi th  t h e  engine control ler .  T h e  m o s t  log ica l  t ransduct ion  technique, 
at t h i s  t ime,  a p p e a r s  t o  be s t r a i n  gage. 
d i f fe ren t  s t r a i n  gage  approaches :  conventional, bonded, depos i ted  f i lm,  and 
piezo r e s i s t i ve .  

STATUS: 

The  c o n t r a c t s  a w a r d e d  r e p r e s e n t  four 

_ *  

Technica l  P r o g r e s s  - Composi te  r e q u i r e m e n t s  f o r  f lange mounted 

. REPORTNO.: TITLE: AUTHOR(5): TRANSMITTED DATE 

t 
Fina l  Repor t  G i lmor  e Indus tr ie  s 
NAS8-27743 

Fina l  Repor t  
NAS8- 277445 

Sta tham I n s t r u m e n t s  

FIRST BENEFITTING PROJECT: Space Shut t le  
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STATUS (CONCLUDED): Technica l  P r o g r e s s  (cont 'd) - and cryogenic  p r e s s u r e  
t r a n s d u c e r s  have been developed based on information ava i l ab le  f r o m  the  
t h r e e  engine P h a s e  B c o n t r a c t o r s  and  MSFC engine working groups .  P r e l i m i n a r y  
design r ev iews  w e r e  pe r fo rmed  and approved Sep tember  9, 1971, 
Phase 11 of the  Scope of Work on a l l  c o n t r a c t s  has been comple ted  and  c o n t r a c t o r s  
advised  to  proceed  to P h a s e  111. 
Management P r o g r e s s  - Sta tham Ins t ruments ,  Inc. and  
Gi lmore  Indus t r ies ,  Inc. have de l ive red  h a r d w a r e  and f inal  r e p o r t s .  
Consolidated Cont ro ls  and  Conrac,  Inc. were g r a n t e d  addi t iona l  time to 
complete  h a r d w a r e  and  f inal  r e p o r t s .  
Conclusions - S o m e  addi t iona l  - time m a y  b e  r e q u i r e d  to comple t e  prototype t r a n s -  
duce r s .  
F o r e c a s t  - The c u r r e n t  e f for t  w i l l  r e s u l t  in prototype t r a n s d u c e r s  which  wi l l  a l low 
an evaluat ion to be conducted for  the pu rpose  of defining f inal  unit development.  
This  t a s k  is no longer  a n  SRT t a s k  and  i s  bei%funded under  the engine p rogram.  
This  w i l l  be  the  f inal  r epor t .  

Consolidated Cont ro ls  Go. and Conrac  Inc. have been g ran ted  addi t iona l  time at 
no addi t ional  c o s t  to the  government  to  comple te  prototypes and  s u b m i t  
f inal  r e p o r t s .  

r 
P 

t 

FC - Form 350.1 (March 1973) 
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I Ins t rumenta t ion  for Space  Shut t le  
I TELEPHONE: APPROVAL: 5. RESPONSIBLE INDIVIDUAL: 

453-5620 W. 0. F r o s t  
S &  E-A ST R- LM P 

l H. H a r m a n  

6. ACCOMPLISHMENTS (Milatonat. Problomr, Near term activltles): 

TASK: 035, Low Dif fe ren t ia l  P r e s s u r e s  in  High L i n e  P r e s s u r e s  
NAS8-27227, Celesco ,  Inc. Chatsworth,  
NAS8-27446, Toro id  Corpora t ion ,  Huntsvil le,  A L  

OBJECTIVE(S): To develop  a lightweight (12 oz. ) dual  i so l a t ed  (wet-wet t ype )  
d i f fe ren t ia l  p r e s s u r e  t r a n s d u c e r  having f u l l  scale r a n g e s  of 0-10. psid and  0-100 ps id  
fo r  l i n e  p r e s s u r e s  up t o  8000 psi. 

APPROACH: 
development  of a t o r u s  type  p r e s s u r e  sensitive e l emen t  which  wi l l  g e n e r a t e  a f o r c e  
capable  of being s e n s e d  with convent ional  s t r a i n  gage  e l emen t s  and  boron  doped 

. s i l icon  s t r a i n  g a g e s  bonded ins ide  a n  in t eg ra l  d i aphragm beam. 

STATUS: Technica l  P r o g r e s s  - Celesco  wil l  m a k e  m i n o r  changes  i n  t h e  method of 
mounting s t r a i n  gages  t o  t h e  i n t e g r a l  beam. 
small b e a m  and t h e  small b e a m  w i l l  be in se r t ed  into t h e  in t eg ra t  beam-diaphragm. 
This  approach  e l imina te s  t h e  p rob lem of matching the s t r a i n  gage to  the  in t eg ra l  
beam-d iaphragm material. 
Management  Progres-s  - Toroid  Corpora t ion  has de l ive red  f ina l  r e p o r t  and ha rdware .  
Additional funds w e r e  g ran ted  Celesco,  Inc. in o r d e r  that  t h e  c o n t r a c t  migh t  be 
completed.  Celesco,  Inc. was given addi t ional  time t o  comple t e  cont rac t .  

Two p a r a l l e l  app roaches  have been chosen  for t h i s  development;  i. e., 

Gages wi l l  first b e  appl ied t o  a 

7. REPORT NO.: TITLE: AUTHOR($): DATE 
TRANSMITTED 

Fina l  Repor t  
NAS8- 27446 

Toroid  Corpora t ion  ‘Ir 

FIRST BENEFITTING PROJECT: Space  Shuttle 

b ._ I- MSEC - form 360 (Murb 1971) . 
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--- STATUS (CONCLUDED): Management P r o g r e s s  (cont 'd) - 
Conclusions - R e s e a r c h  and  development  pe r fo rmed  ind ica t e s  that  all guidel ine 
spec i f ica t ions  m a y  not b e  met. 
P r o b l e m s  - Toroid  w a s  not a b l e  to ach ieve  the  r e q u i r e d  working p r e s s u r e  of 8000 psi. 
F o r e c a s t  - Bas ic  p rob lems  a s s o c i a t e d  with low range  different ia l  p r e s s u r e  t r a n s d u c e r  
w i l l  not b e  comple t e ly  solved requi r ing  follow-on c o n t r a c t s .  in o r d e r  to meet 
guideline specif icat ions.  
under  the engine p rogram.  

Th i s  t a s k  i s  no longer  an SRT t a s k  and  i s  being funded 
Th i s  w i l l  b e  the  f ina l  r epor t .  

CeLesco's Last approach  did not provide a solution to the  s t r a i n  gage  problem. 
C e l e s c o  r eques t ed  addi t ional  funds which a r e  not ava i lab le .  
to  s t o p  f u r t h e r  work and submi t  a final r epor t .  

Ce le sco  was  adv i sed  

_̂ - 

MSPC Potu~ 350-1 (March 1973) 
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I 
RESEARCH AN ERATING PLAN 

R. L. Middleton I 205-453-3828 I G. D. Hopson . ACCOMPLISHMENTS (Mlleztonor. Problonr. Near torm actlvltltn): 

- TASK: E v a l u a t i o n  o f  A b s o r p t i o n  Cycles  for Space S t a t i o n  Environmental  Cont ro l  
NAS8 -25986 

OBJECTIVE: (a) E v a l u a t e  t h e  per formance  and  c a p a b i l i t i e s  o f  a b s o r p t i o n  r e f r i g e r a t i o n  
c y c l e s  fb r s p a c e c r a f t  thermal  c o n t r o l .  

(b) Using s p a c e  system a n a l y s i s  t o o l s  e v a l u a t e  t h e  s p i n - o f f  a p p l i c a t i o n  
of s o l a r  powered c o o l i n g  a n d  h e a t i n g  s y s t e m s  for r e s i d e n t i a l  a p p l  i c a t i o n s .  
v i o u s l y  developed a n a l y t i c a l  t e c h n i q u e s  d e f i n e ,  i n  c o n j u n c t i o n  w i t h  MSFC in-house e f f o r t  
s o l a r  c o l l e c t o r ,  thermal  s t o r a g e ,  and m o d i f i c a t i o n s  r e q u i r e d  for commercial ly  a v a i l a b l e  
a i r  c o n d i t i o n e r s  for a f u l l  s c a l e  d e m o n s t r a t i o n  p r o j e c t  o f  s o l a r  powered r e s i d e n t i a l  
h e a t i n g  and  c o o l i n g .  

Using p r e -  

APPROACH: 
f a b r i c a t e d  and  e x p e r i m e n t a l l y  e v a l u a t e d .  
components a g r e e d  w i t h  a n a l y t i c a l  p r e d i c t i o n s .  

(a) Computer a n a l y s  is p r o c e d u r e s  were developed ,  sys tem components d e s i g n e d ,  
T h e  performance of t h e  s p a c e  sys tem breadboarc 

* (b) The a n a l y t i c a l  p r o c e d u r e  p r e v i o u s l y  developed were used to s u p p o r t  t h e  
MSFC des igned .  s o l a r  h e a t i n g  and cool ing d e m o n s t r a t i o n  p r o j e c t .  

STATUS: Technica l  P r o q r e s s  - (a) The s p a c e  system was a n a l y z e d  and p a r a m e t r i c  a m -  
p a r i s o n s  made. A conceptua l  breadboard  system was d e s i g n e d ,  f a b r i c a t e d  and  t e s t e d .  
T h i s  sys tem i n c o r p o r a t e d  a1 1 g r a v i t y  s e n s i t i v e  sub-components, a n d  was s u c c e s s f u l l y  
o p e r a t e d  a t  d e s i g n  c o n d i t i o n s .  A d e t a i l e d  f i n a l  r e p o r t  was w r i t t e n  and  publ i shed .  

. REPORTNO.: TITLE: AUTHOR(s)x DATE 
TRANSMITTED 

LMSC 0306225 E v a l u a t i o n  o f  A b s o r p t i o n  Cycle  S ims 
for Space S t a t i o n  Environmental  O'Neal 
Cont ro l  System Appl i c a t i o n ,  LMSC Ried 
D3 0622 5 B i  s e n i u s  1 

I 

b ~ h  1972 
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Problems - None 

RESEARCH AND TECHNO OrERATlNG PLAN 

. 
Technical Proqress Cont'd 

This i s  the f i n a l  repor t  on the space app l ica t ion  o f  the absorption cycle, 

(b) The feas ib i  1 i t y  study of res ident ia l  appl i c a t i o n  was ampleted i n  November 
1972 and a de ta i led  f i n a l  repor t  published. t he  contract  was amended t o  permit ad-  
d i t i o n a l  ana ly t i ca l  e f fo r t  i n  conjunction w i t h  the MSFC demonstration program. Design 
analysis have been oompleted on the so la r  co l  lector,  thermal. storage system, and contro l  
system. T h i s ' e f f o r t  has been completed and t h i s  i s  the f i n a l  report. 

! Manaqement Pmqress - f i n a l  repor t  i s  being prepared. 

Conclusions - (a) Spacecraft thermal cont ro l  can be accomplished using ab- 
sorp t ion  cyc le  r e f r i g e r a t i o n  f o r  ce r ta in  space thermal environment/conditions. 
board tests  have proven component design adequacy, 

Bread- 

(b) Resident ia l  heat ing and cool ing u t i 1  i z i n g  so la r  powered absorption r e f r i g e  
a t i o n  systems i s  p o t e n t i a l l y  des i rab le considering increases in  conventional fue l  cost  
and decreased a v a i l a b i l i t y .  
p ro jec t  successful . Spacecraft technology can make the res ident ia l  coo? ing 



Climatological-Statistical Atmospheric and Cloud Cover Models 
p. RESPONSIBLE INDIVIDUAL: TELEPHONE: 

5 &E-AE RO -Y T 
S. Clark Brown (205 )  453-3141 
j. ACCOMPLISHMENTS (Mltntoner, Problems, Nsrr term rctlvltlsr): - TASK: (1) 

(2) 

I 

an, S&E-AERO-Y 
t' 

World-Wide Cloud Cover Model 
Contract No.  NASB-28721, Environmental Research 6 Technology, Inc.  

Atmospheric E f fec t s  on Remote Sensing of Non-Uniform Temperature Sources 
Contract No.  NAS8-28722, University of South Alabama 

Mobile, Ala. 36688 

(3) Four-Dimensional Atmospheric Model. (World-Wide) Study 
Contract No. NAS8-28720, Environmental Research & Technology Inc. 
429 Marrett Rd., Lexington, MA 
McDonnell Douglas Contract 29663, McDonnell Douglas Corp., Huntington Beach, 

02173 

Ca l i f .  92647 

OBJECTIVE: 
t o  examine t h e  e f f e c t s  of the atmosphere on t h e  t r a n s f e r  of electromagnetic energy. 
The models (comprised of clouds,  pressure, '  temperature, dens i ty ,  moisture, and winds) 
are designed f o r  computer simulations of e a r t h  or ien ted  space missions. 

APPROACH: (1) Compile cloud cover, cloud type,  and cloud s t r u c t u r e  da t a  f o r  homogeneous 
regions on a g loba l  bas i s .  Develop u t i l i z a t i o n  techniques t o  apply these  d a t a  t o  e a r t h  
viewing missions. (2) Develop atmospheric d a t a  (temperature, pressure,  dens i ty ,  
moisture, and wind) f o r  world-wide g r id  poin ts  from su r face  t o  50 km a l t i t u d e .  Devise 
techniques t o  e x t r a c t  from t h e  computer da t a  bank a p r o f i l e  appl icable  t o  any spec i f i ed  
loca t ion .  (3) 
t r a n s f e r  and sensing of electromagnetic energy. 

To develop climatological-statistical atmospheric and cloud cover models and 

Conduct an a n a l y t i c a l  i nves t iga t ion  of atmospheric e f fec t , s  upon t h e  

?. REPORT NO.: TITLE$ AUTHOR(,): DATE 
TRANSMITTED 

Monthly progress r e p o r t s  giving informal d e t a i l s  of cur ren t  act ivi t ies  an& f u t u r e  plans. 
Draft copy of f i n a l  r e p o r t  prepared under Contract NAS8-28721. 

FIRST BENEFITING PROJECT : Spacelab. 

-_-_-a- MSFC- Form S b o  (Much 191)) 
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STATIJs-;: Technical Progress: Cloud region homogeneity w a s  examined and some region 
changes were accomplished. 

Temporal and s p a t i a l  cond i t iona l i t y  af cloud types w a s  es tab l i shed .  

Example ca lcu la t ions  t o  determine t h e  e f f e c t s  of atmospheric emission, absorp- 
t i o n ,  and s c a t t e r i n g  upon energy emitted by a non-uniform source w a s  begun. 

Management Progress: 
addi t iona l  cos t .  

Contract NAS8-30273, a 1 2  month cont rac t  with Environmental Research and 
Technology was  begun on 22 Feb. 1974. 

Conclusions: 
ca l cu la t ions  w i l l  provide information needed by b e t t e r  ea r th  viewing mission 
planning. 

Problems : None 

Forecast:  Atmospheric models and operat ional  computer programs t o  p a r t i a l l y  
analyze these d a t a  are present ly  ava i lab le .  
the streamlined u t i l i z a t i o n  techniques, and the atmospheric energy a t tenuat ion  
ca l cu la t ions  w i l l  enhance t h e  u t i l i t y  of the  models i n  mission ana lys is  of 
earth viewing space missions. 
Hq., GSFC, and o the r  MSFC wits w i l l  insure  widest  appl ica t ion  of t h e  end 
product. 

Contract NAS8-28721 w a s  extended t o  14 Feb. 1974 a t  no 

The atmospheric models and electromagnetic energy a t tenuat ion  

The improved model statist ics,  

The c l o s e  cooperation of t h i s  work with NASA 

t 
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RCH AND TECHNOLOGY OP 

In tor re la t ionships  Between Atmospheric Motions of Different Scales  
--... -- - / 
1 Rf 4PC)NS18LE INblVlOUAL ITELLPHONE: 

(205) -453-3109 
l&Y* Hobart: E; Turner 

S&E:-AEHO- YE 
,. ACCOMPLISHMENTS (MIIostonrr. Problomr, Near term actlvitlrr): I 

TASK; In t e r r e l a t ionsh ips  Between Atmospheric Motions of Different  Scales 
Contract No. W 8 - 2 6 7 5 1 ,  Texas A&M University, College S ta t ion ,  Texas.  

OBJECTIVE(S): The objectfves  of t h i s  e f f o r t  a r e  (1) t o  analyze the  AVE-I da t a  (Atmo- 
spheric Var iab i l i t y  Experiment I) and present i n  a tabular  form, (2) t o  i nves t iga t e  the  
r e l a t ionsh ip  t h a t  e x i s t s  between mesoscale meteorological phenomena and la rge-sca le  
averages of the  same phenomena, ( 3 )  t o  determine the value of an AVE I1 experiment, 
and (4) t o  determine t h e  use of an AVE I1 experiment: i n  the SMS pro jec t  evaluation. 

APPROACH: 
documented f o r  use by o ther  research groups. 
to inves t iga t e  the re l a t ionsh ips  between mesoscale and la rger -sca le  averages meteor- 
o log ica l  r e l a t ed  phenomena. This re la t ionship  w i l l  involve parameters such as cloud 
cover, thunderstorms, p rec ip i t a t ion ,  mmsma sur face  temperature and minimum surface.  
temperature, and t h e  grad ien ts  of pressure and temperature. The information obtained 
above w i l l  be used t o  determine an AVE X I  experiment f o r  comparative measurements and 
ana lys i s  of sa te l l i te  and ground-based atmospheric measurements t o  e s t a b l i s h  appfica- 
b i l i t y  of sa te l l i te  da ta  from such satel l i te  pro jec ts  as SMS, Nimbus, NOM-2 ,  for 
sensing and predict ions.  

-0 STATUS 

To enhznce t h e  a p p l i c a b i l i t y  of mesoscale analyses,  t h e  AVE I da ta  w i l l  be 
Selected cases of AVE I w i l l  be s tudied 

[Continued on following page) 

I 
I 

'. REPORT NO.: TITLE: AUTHOR(%): DATE 
TRANSMITTED 

NASA TMX-2938 Data f o r  F i r s t  NASA Atmospheric Scoggins, J.R. f* 

V a r i a b i l i t v  Experiment (AVE I), 
Data Tabulation 

Smith, 0. E. 

NASA TMX-2948 Data f o r  F i r s t  NASA Scoggins, J.R. 
Atmospheric Var i ab i l i t y  Smith, O.E. 
Experiment (AVE I): 
Graphical Presentat ion of 
Data 

I . o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ w ~ ~ ~ " ~ a ~ ~ w ~ ~ ~ ~ ~ ~ ~ o a ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ w ~ ~ ~ " ~ ~ ~ ~ ~ . - ~ ~ ~ e - - - - - ~ . - ~ - - ~ ~ - = - - - ~ - -  

FIRST BENEFmING PROJECT: SMS 
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175 -61 - 71 
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PAGE 2 OF 3 (Gntinuntion Sheet) 

STATUS : (Cont ’ d) 
Technlcal Progress: Software program €or the project was developed. 

Management Progress: 
to review and discuss our plans for a program to assess the accuracy of satellite 
derived meteorological data. Briefing was given to Headquarters and Lead Center 
personnel in March on our plans for obtaining ground-base and satellite data and 
data reduction techniques to be used. 

Meeting was held at MsFc and University of Chicago in February 

Conclusions: 
of the coordlnatfon effort between NOAA and M A .  
for late April or early May 1974. 

The project will be conducted with MSFC being the focal point 
The experiment is scheduled 

Problems : None 

.c-.” 
MSPC - Form 350-1 fMarch 1973) 

a 

I- 
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PROGRESS REPORT 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

PAGE 1 OF 3 
1. CENTER: 2. PERIOD COVERED: 3. CODE 

MSFC 01 10 7 3  31 03 74 175-6 1-$ 1 160-75-6 1 
4. TITLE: 

CURRENT NO.: PRIOR NO.: 

S t a t i s t i c a l  Data Management Methods 

D r .  J. Briscoe Stephens &Q$ 
5, RESPONSleLE INDIVIDUAL: TELEPHONE: 

%E-AERO-YA 2051453-3159 
6. ACCOMPLISHMENTS (Milostonar, Problems, Near term rctlvltla): 
- * 
TASK: 

NAS8-30175 

Crossed Beam Spectroscopy i n  Multicomponent Gas Flow - 
Universi ty  of Oklaholaa Research I n s t i t u t e ,  Norman, Oklahoma 

OBJECTIVE: The o p t i c a l  co r re l a t ion  system has been proposed t o  v i sua l i ze  t h e  three 
dimensional extent  of atmospheric t r ace  cons t i tuents  such a s  humid a i r  masses. The 
v i s u a l i z a t i o n  and in t e rp re t a t ion  of the weak t race  const i tuent  s igna ls  w i l l  r equi re  new 

nd c lever  methods, which can only be developed and i l l u s t r a t e d  i n  reg iona l  appl icat ion.  
,ne such regional  pro jec t  i s  remote sensing of p rec ip i t a t ion  and evaporation losses .  
%e u t i l i z a t i o n  of co r re l a t ion  s ignatures  has been proposed since the co r re l a t ion  com- 
,u ta t ions  have the po ten t i a l  of separat ing evaporation loss from t o t a l  water burden 
stin-ates. The object ive of t h i s  cont rac t  i s  t o  develop sepectroscopic co r re l a t ion  
i r inc ip les  for  r e j ec t ing  in te r fe rence  and fo r  monitoring water vapor without the use of 
,eference s ignatures .  The ul t imate  object ives  a r e  the in t e rp re t a t ion  of co r re l a t ion  
:stirnates from a i r c r a f t  an& EREP i n  terms of the concentration, temperature, water 
rapor and the r e j ec t ion  of background in te r fe rence ,  and tM evaluat ion of Shut t le  
!xhaust e f f e c t s .  
LPPROACH: Correlat ion est imates  of H 0: (1) Augment the e x i s t i n g  gas c a l i b r a t i o n  c e l l  
i i t h  a Hg ed Te de tec tor  and a Pb-Se Je t ec to r ,  which w i l l  be furnished by MSFC t o  
nonitor H 0 emission. 
xes su res  which simulate the above surveys and sca t t e r ing  in te r fe rence  t o  the l a rges t  
~ r a c t i c a l  amount. Repeat fo r  H20 the s t a t i c  and dynamic absorption measurements 
lrhich were conducted previously under contract  NAS8-30175 f o r  GO2- 
analog da ta  tapes with the dynamic measurements t o  Sa-AERO-YA f o r  co r re l a t ion  computati 
(3) Evaluate the v a l i d i t y  of the conventional ( s t a t i c )  and co r re l a t ion  (dynamic) spec t r  

kev. Sc i .  I n s t .  An Optical  Absorption Cell with P. E. Hendrickson March 14, 1973 
i4-3 Vapor Cross-Flow W. L. Falls 

S. Broersma 

Prepare the c e l l  for  water vapor f i l l i n g s  a t  temperatures and 
2 

(2) 
Submit se lec ted  

AUTHOR(r): DATE 
1. REPORT NO.: TITLE: TRANSMITTED 

3URI 12-73 Termodynamic Derivative Spectra S. Broersma February 1974 
of Infrared Absorption, F ina l  P.  E. Hendrickson 
Report W. L, 'Fa l l s  

J. Opt. SOC. Am. 6 . 3 , ~  Water Vapor Band Derivatives P. E. Wendrickson February 1974 
W. L. Walls 
S. Broersma 

--"-----------------,--,,,-,,,,,,,,,-,----------------~--------------------------------------------- * -  

FIRST BENEFITTING PROJECT: 
Space Shut t le  
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CURRENT NO./COOE: 

17 5-6 1 -7 1 
II_ 

PROGRESS REPORT 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

PAGE 2 OF 3 (Conthat ion  Sheet) 

)y ComparLng the forcing function aK/aT and b K / ; ) P  
,proahces, ( 4 )  I l l u s t r a t e  fo r  selected examples, the in t e rp re t a t ion  of the corrected 
0 cor re l a t ion  spectrum i n  terms of absorber mass concentration and temperatures. 

1 

STATUS: 

t ha t  have been obtained from both 

Technical Progress: S t a t i c  water vapor absorption experiments have been conducted 

2 for  three temperatures with var ious concentrations of H 0 over the 5 micron t o  8 micron 
rpectral  region. These data  a re  being reduced t o  obtain transmittance a s  a function of 
gave length for a given temperature. 
Line band m o d e l  information t o  broad band information-in order t o  generate a t heo re t i ca l  
lase  for a comparison with the empirical  r e s u l t s .  
:he f i n a l  report .  

Tebruary 1974, 

Computer programs were developed to convert f i n e  

These r e s u l t s  were presented i n  

ManageWRt Progress: 

'ForecaHt: None 
Prob levis : None 
Conclusions: S t a t i c  water vapor experimental r e s u l t s  have been obtained. These 

F ina l  repor t  was reviewed and contract  was closed out 

resu l t s  suggest t h a t  s imi la r  model t o t h a t  obtained for  carbon dioxide e x i s t s  for 
ja te r  vapor; namely, t h a t  a thermal "cross-over points" e x i s t  a t  5.55 micron and 6.95 
nicron i n  the 6 - 3  micron water vapor band. Computer ca lcu la t ion  using NOAA f ine  band 
nodel confirm these r e s u l t s .  
for  carbon dioxide. 

These r e s u l t s  agree with the 4.2 micron r e s u l t s  obtained 
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PAGE 1 OF 2 
CENTER: 2. .PERIOD COVERED: CODE 

CURRENT NO.: PRIOR NO.: MSFC 01  10 73 3 1  03 74 

TITLE: 
Analysis of the Energy Interactions Between Atmospheric Level and of Solar 
T e r  r e  s t r ial R elat ions hips 

n 

d L  RESPONSIBLE I NDlV I DUAL: TELEPHONE: 

Robert E, Smith 205 453-3 140 W. Vaughan 
, ACCOMPLISHMENTS (Milestones, Problems, Near term rctlvltles): - a s k :  Tidal and Gravity Wave Propagation. 

Contract No. NAS8-30616, University of Alabama in 
Huntsville, AL 35805 

,bjective: To study wave propagation through the mesosphere and thermosphere in 
order to understand energy t ransfer  mechanisms. 

,pproach: Develop a theoretical model of tidal and gravity wave propagation in the 
mesosphere and lower thermosphere for comparison with C-4 Ionosonde 

* observational data. 

tatus : - 
Technical Progress:  Ionograms a r e  being analyzed to obtain observational 
data for use with the CW Doppler a r r a y  data. 

Management Progress:  The contract was  awarded on Feb. 14, 1974. 

Conclusions: None. 

Problems: Funds a r e  insufficient to complete the development of a full three- 
dimensional model. 

ecast: This 
1 3  rudds wi l l  be provided. . REPORTNO.: TITLE: 

I work will'be terminated at  the end of the contract since no 
AUTHOR@): DATE 

TRAWMITTED 

FIRST BENEFITTING PROJECT: Spacelab 
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2. PERIOD COVERED: 3. CODE 
1. CENTER: 

CURRENT NO.: PRIOR NO.: 

Marshall Space Flight Center 01 10 73 31 03 74 177-53-71 160-7 5-LO 
I, TtTCE: 

Remote Sensing for Geological Resources Survey 

Bensko, J. 
-II_ 

TELEPHONE: APPROVAL: i. RESPONSIBLE INDIVIDUAL: 

45 3 -0 1.8 7 

.- ACCrlMPLISHMENTS (Mllrrtooer. Problsmr. Near term actlvltler): 

Preliminary field work was carried out during August. Two contracts to the 
University of Alabama at Tuscaloosa were initiated on July 1st. 
graphy and ERTS photography were examined over one test site. 
over two other sltes is expected during October. 

High altitude photo- 
Low altitude photography 

Objectives of one of the university-MSFC studies is to determine the feasibility 
of utilizing satellites for the detection of geologic hazards. A second project is to 
relate satellite remote sensing of land and water pollution from several types of 
strip mining and to study the immediate and long term effects of surface mining activit 

ERTS photographs were studied to select a site where large scale non-contour 
stripping is current whereas other sites were chosen on the basis of ground studies. 

Geological studies of site near Cordova and in the Searles quadrangle have been 
partially completed and a botannical catalog of revegetation over different areas 
of the site housing different histories and slight changes in the coal composition is 
fn progress. Some aerial photography has been completed over the site but plans for 
spectral studies of the revegetated areas has been delayed and will have to be post- 
poned because equipment ordered for the study has not been delivered. 

’ 

The study of Geological hazards by remote sensing techniques is progressing ra_pidly 
despite a several months delay in obtaining my low altitude aircraft coverage. ERTS 
photography proved t o  be unsuitable for the study. 
by conventional methods to date. Sinkhole hazards along potential highway routes in 
Shelby County are awaiting the availability of airborne IR equi2ment. 

Most of the work has been done 

*, . REPORTNO.: TITLE: AUTHOR(s): DATE 
TRANSMITTED 

Annual reports due July 30, 1974. 
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CURRENT NO./CODE: 
PROGRESS REPORT 177-53-7 1 

2 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

(Continuation Sheet) PAGE OF 

6. (Con") 

In-house library search of all current published information on geothermal 
Contractual efforts are planned in FY 75, deposits continues. 
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RESEARCH AND TECHNOLOGY OPERATlNG PLAN 

-- 
HQterials and Process R4J) 

,. RESPONSISLE INDIVIDUAL: TELEPHONE: APPROVAL: 

1 N. F. Wuenschet I 
Yates, I. C., Jr. 205-453-1664 -- ,. ACCOMPLISHMENTS (Milestones. ProDlunr, Near term activitles): 1 

1 

TASK: Solidificotioa of Alloys Exhibiting Solid State Immiscibility (179-11-13-01) 
mS8-29725 Washington State University, Pullmen, Washington 99163 

OBJECTIVE: The objective of this effort is to investigate the effects of low gravity 
on the solidification, resultant microstructures, and physical properties of binary 
metal systems having low mtual solubilities and to understand the physics of solidi- 
fication of materials of this type in a low gravity environwnt. The results of these 
studies may be used to design processes for obtaining materials with microstructures 
and hence properties not achievable under terrestrial gravity. 

APPROACH: The contractor shall conduct laboratory studies to detennine the effects of 
varying solidification rates on the crystallographic structures and microstructures in 
gold-silicon alloys; perform analytical and experimental studies to define specinsen 
s i z e s ,  containers where applicable, heating, and cooling rates; prepare specimens of 
gold-silicon alloys of different compositions for processing by MSFC in the drop tower; 
and analyze and interpret the processed specimens by using optical microscopy and 
replica electron microscopy, x-ray diffraction and other techniques. 

STATUS: 
equilibrium phase diagram for gold-silicon and particularly the eutectic temperature. 
Drop tower specimens are being prepared for tests during the next quarter, 
has been made on refining the mathematical theory of gravity segregation which will be 
used in the evaluation of results on one-g and low-g experiments. 
proposed a new technique for growing crystals from the melt in zero-g. 

Technical Progress: Contractor has continued work necessary to determine the 

Progress 

The Contractor has 

?. REPORT NO.: TITLE: AUTHOR(s)z DATE 
TRANS IT ED 

Eleventh Monthly Progress Report, "The Solidification Under Zero Gravity CondYtions of 
Binary Alloys Exhibiting Solid State Idscibility", A. A. johnson, R. P. Anantatnrula 
and R. Vatne, Mrch 1, 1974. 
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. RESEARCH AND 

TASK: Solidification of Alloys Exhibiting Solid State In~miscibility 

STATUS: (Continued) I -  
Hanagemtent Progress: 
studies on the gold-silicon Bystem and on the feasibility of the proposed technique of 
growing cryratal from the melt. 
August 31,  1974. 

Additional funds are being added to the contract for addit ional  

The period of performance is being extended to 

Conclusions: &ne I 1 Probleas: None 

I Forecast: Contractual work is scheduled to be completed by August 31, 1974. 

.- . 

ti 
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, CENTER: 2. PERIOD COVERED-. 3. CODE 

MSFC 01 10 73 31 03 74 179- 10 975-90-95-4 7 
. TITLE: 

tCURRENT Na: PRIOR NO.: 

Materials and Process RQ9 
--- 
. IKSPONSIBLE INDIV1DUAL: TELEPHONE; APPROV Ab. 

Yates, I. C., Yr. 205-453- 1664 H. g. Wuenscher 

TASK: Process Development for Immiscible Materials and Alloys (179-11-14-01) 
NAS8-28267 TRW Systems Group, TRW Inc., Redondo Beach, CA 90278 

, AT;COMPLJSHMENTS (Mil.JtOnOS. Problomr. Near tWm actlvhter): 

OBJECTIVE: The primary objective of this effort is to develop techniques for processing 
immiscible systems in space and to define process and equipment requirements for space 
experiments. 

APPRCklCH: This effort will be performed in two phases: Phase I will include studies to 
define parameters €or processing immiscible materials in a low gravity environment; 
evaluate mixing techniques and devices to obtain complete dispersion of immiscible 
materials; evaluate techniques and devices to melt the irmniscible raaterials, bring them 
up to temperature, and to control cooling so as to maintain a homogeneous density 
distribution upon solidification; and design and build experiments to verify processes 
on a sub-scale and .test system components or models in short duration, low gravity tests 
Phase I1 will continue the above work and will include studies to select immiscible 
systems suitable for experimental investigations in low gravity research facilities; 
'perform analyses and evaluate processing techniques; and design and develop short 
duration low gravity experiments to evaluate processing techniques and material proper- 
ties. - 
STATUS: Technical Progress: Cooling experiments were conducted on instrumented Bi-Ga 
cartridges. 
reduced orifices were prepared and shipped to MSFC. An acoustic mixer has been fabri- 
cated and successfully tested. Fabrication was initiated on an electromagnetic mixer. 
Drop tower experiments have been conducted with Bi-Ga samples using two different 

Interim Report, 14725-6010-RU-00, "Study on processing Immiscible Materials In Zero 
Gravity", Y. L. Reger, May 1973. 

Based on the results, six experimental heater packages/cartridges with 

. REPORTNO.: TITLE: AUTHOR(S): DATE 
TRAN MITTED 

(For the period 27 April 1972 to 30 Ap%il 1973) 

Monthly Progress Report No. 11, 14725-6013-RU-00, "Study on Processing Immiscible 
Materials in Zero Gravity", J .  L. Reger, 18 September 1973. 

Monthly Progress Report No. 17, 14725-6019-RU-00, "Study on Processing Immiscible 
Haterials in Zero Gravity", J. L. Reger, 6 March 1974. 

-- 
MSFC - Form 3 6 0  (Much 19  ?a 1 
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I 
STATUS: Technical Progress: (Continued) l -  
cooling rates. 
ducting properties. 
w i t h  the system - calcium - 202 lanthanum. 

MnagePrent Progress: 
period . 
Conclusions: 

The saanples are presently being tested t o  determine their super-con- 
The acoustic mixer has been ut i l i zed  for drop tower experiments 

No contractual changes have been made ‘during th i s  reporting 

W o w  on this last phaee of the study. 

Problems : Wane 

Forecast: Contractual work should be completed by June 30, 1974. 

i 

.. . 
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fif.SP<>NSIBLE. INDIVIDUAL: TELEPHONE: APPROVAL: 

Yates, I. C., Jr. 205-453-1664 R. E'. Wuenscher 

rASK: Idscible 24ateri.18 Selection (179-11-14-03) 
W8-29748  Battelle Memorial Institute, Columbus, Ohio 43201 

. ~CCCJMPLISHMENTS (Mll6StOnes. Problems, Near term sctlvitlsc): 

SBJECTIVE: 
systems and their potential applications. 

9PPROAM: 
experimental techniques for determining behavior of inmiscible systems in a low gravity 
environment; perform experimental studies including tests in the HSFC drop tower to 
check out the theories and provide data on effects of low-g on processing immiscible 
meterials; evaluate techniques for synthesizing mixtures of immiscible systems for 
characterization and assessment of technological potential; and select candidate i-s- 
cible systems having the highest potential for each product area. 

The pri ry objective of this effort is to investigate inmiscible materials 

The contractor shall conduct studies to develop theoretical relationships and 

STATUS: Technical Progress: The study is proceeding in three areas: (1) computer simu- 
lation studies of liquid droplets in a miscibility gap, (2) experimental studies in the 
slumiquxi-indium system, and (3) analysis of idscible systems and porent&sil application. 

Management Progress: No changes have been made to the lnauagement plan, 

Conclusions: None 

Problem : None 

Forecast: 
. -- 

Contractual work is scheduled to be completed by August 28, 1974. 
TITLE: AUTHOR(0: DATE 

TRANSM4 TTED 
. REPORTNO.: 

Ninth Monthly Progress Report, "Investigation of Idscible Systems and Pbtential 
Applications", A. J. Markworth, W. Oldfield, J. Duga and S. 8.  Gelles, March 15, 1974, 

MSFC- Fozrn360 (Much1911) 

' .  



\ 
357 

I 

RESEARCX AN ERATING PLAN 

TITLE: 

mterials and Process EL69 
RESPONSIBLE (NDIVIOUAL: TELEPHONEt APPROVAL: 

Berge, L. H. 205-453-1661 H. p. Wuenscher 

TASK: &tal Drop Solidification in Zero-G (179-11-15-02) 
NASB-28604 Gru-n Aerospace C.orporation, Bethpage, L . I . ,  NY 11714 

OBJECTIVE: 
superior qualities can be obtain by achieving large undercooling through nucleation 
control during solidification, 

ACCOMPLISHMENTS (Milestones. Problems. Near term rctlvitles): 

The primary objective of this task is to demonstrate that unique alloys with 

APPROACH: 
produced drop tower hardware and evaluated specimens solidified during free fall in a 
drop tower. Phase 11 (Modification 4 to Contract) will modify the hardware to improve 
the control and measurement of parameters affecting undercooling through nucleation 
control. The Phase I1 effort will include (1) redesign and modification of experiment 
hardware, (2) selection of materials to demonstrate supercooling and surface evaporation 
in drop tower tests and (3) drop tower tests and specimen evaluation. 

STATUS: Technical Progress: 
be an effective method to prepare molten =tal specimens for limited time zero-g pro- 
cessing. 
measurement reduced supporting process data. 
improve hardware to include lower vacuum, larger specimen size and uniform heating. 
However, the shadow grains found on several specimens are indicative of the hexagonal 
grains sought in the Statement of Work, 

Uanagement Progress: Contract NAS8-28604 was awarded on June 14, 1972. 
was awarded on August 2, 1973 for eight more months of performance. A procurement 

Monthly Progress Report No. 11 (NAS8-28604), tfResearch of Metal Solidification in 
Zero-G State", William M, Aubin, May 1973, 

This effort is being performed in two phases: Phase I (Basic Contract) 

Direct resistance melting of wire specimens has proven to 

Lack of process control of super heat, cooling rate and accurate temperature 
Modification 4 to the contract will 

Modification 4 

DATE 
TRANSMllTED 

, REPORTNO.: TITLE: AUTHOR(r): 

b 

Fina l  Report (Interim Report-NAS8-28604), RE-463, "Research of Metal Solidification in 
Zero-G State", William M. Aubin, Dave Larson, Jr., & Gary I. Geschwind, September 1973. 

Xonthly Progress Report No. 1 (NAS8-28604 Mod. 4), *'Drop Packages for Metal Solidifica- 
tion in Zero-G State", David J. Larson, Jr., September 1973, 

Faper to be presented in November 1973 at the N A S h / A M  7th Space Simulation Conference 
in Lo8 Angeles, "Sphere forming in Cero Gravity", W. Aubin, D. Larson, J r . ,  G. Susch 
.ad G. Geschwind. 

Mnthly Progress Report No. 7 (NAS8-28604 Mod. 4), Drop Packages for Metal Solidifica- 
tion in Zero-G State", David J. Larson, Jr., March 1974. 
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(Continuation Sheet) 

TASK: Metal Drop Solidification in Zero-G 

c__ STATUS: (Continued) 

Hanagemeat Progress: (Continued) 

action has been written and forwarded to Procurement Office to  provide additiohal funds 
for the coatractor to conduct thirty (30) drop tower tests to generate experimental 
data on phase transformations caused by solidification in low-g  and high vacuum. 

Conclusions: None 

Problems : 

Forecast : 

None 

Contractual work is scheduled to be completed by July 2, 1974. 
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1. CENTER: 

4. TITLE: 

TASK: 
NAS8-29626 B a t t e l l e  Columbus Laboratoriee, Columbus, Ohio 43201 

OBJECTIVI',: The objective of this program is to develop processes for producing fine- 
grain castitags in the weightless environment of space. 
effort are to (1) develop a data base for evaluating use of power metallurgical tech- 

Procorra Development for Fine-Grain Castings in Space (119-11-15-03) 

The objectives of this initial 

i 
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(Continuation Sheet) PAGE 2 OF 

TASK: Process Development for Pine-Grain Castings in Space 

- STATUS: Technical Progress: (Continued) 

oxide have not yielded the desired grsin refinement; therefore, additional studies will 
be performed to determine grain growth in beryllium at temperatures close to the melting 
point and to search for effective inoculators for producing a fine grain size in ingot 
beryllium. 

Hanageauent Progress: 
additional effort in the amended Scbpe of Work and to provide additional definition of 
requirements for low-g experiments suitable for drop tower or sounding rockets. 
action will extend the Period of Performance to September 29, 1974. 

Additional funds ate  being added to the contract to accompligh 

This 

Conclusions: None - 

Problems: None 

Forecast: Contractual work is scheduled t o  be completed by Septeder 29, 1974. 

I 

MSPC - Porn 350-1 march 1973) 
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USPC 

Materials and Process 8&D -_ 
5. RESPONSIBLE INDIVIDUAL: TELEPHONEs APPROVAL: 

I 205~45301661 1 H, P. Wuenscher Bergc, L. H. - 
5. ACCOMPLISWMENTS (Mllestonos. ProDlemr. Naar term actlvltlsi): 

T a l l :  Containerlees Purification of Tungsten (179-11-20-00) 
HAS8-29879 General Electric Company, Valley Forge Space Ceuter, Philadelphia PA 19101 

OBJECTIVE: 
process tungsten x-ray targets having longer operating life and enhanced safety. 
'effort will extend post laboratory levitation processing experiments and additionally 
provide drop tower hardware and testing to evaluate influence of low-g on tungsten 
grain structure. 

APPRQACH: This effort includes contractual work to (1) investigate improvement of 
service properties of tungsten, (2) establish the Limitations of ground based levitation 
heating and melting of tungsten, (3) supply the necessary howledge for conceptual 
development of a space processing experiment to produce tungsten with improved service 
qualities, and (4) prepare a final report containing the overall data and evaluation and 
results of the study. 

The primary objective of this program is t o  provide a space lab facility to 
This 

- 0  STATUS- 
Scope of Work. 

Technical ProSzerPsia* Contractor ie performing work In accordance with the 

Hanagement Progress: Contract NAS8-29879 was awarded on February 7, 1974 for 12 months. 

Conclusfous: None 

Problems : None 
Forecast: 

None 

Contractual work is scheduledto be completed by February 7, 1975. - 
'. REPORT NO.: TITLE: AUTHOR(s): DATE 

TRANSMITTED 

t 

-- FC-Form310 (Mueh1871) 
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PROGRESS REPORT 

Uaterialo and Process R6J) 
-I- 

RESPONSIBLE INDtVICYJAL: TELEPHONES APPROVAL: 

fates, I .  C., Jr. 205-453- 1664 B. F. Wuenscher 
FASK: 
NAS8-29145 Arthur 13. Little, Inc., Cambridge, Eu 02130 

DMECTIVE: The objective of this effort was to perform theoretical and experimental 
Lnvestigatlons t o  determine effects of processing and materials properties such as 
rett-lng and density differences ou distribution of particles in systems processed in a 
aeigkleas environment. 

BCCOMPLIS11MENTS (Mllsrtoner. Pfoblemi, Near trrm rctlvltles): 

Develop nt of Techniques for Processing Metal-Metal Oxide Systems (179-11-31-01) 

PPPRDACH: 
select model materials and conduct laboratory experiments to determine the effects of 
material properties such as wettability and density difference and processing techniques 
3n the grain structure and oxide distribution of a metal-metal oxide system and to 
propose an experiment for studying the effects of processing such systems in a low 
gravity environment, 

The contract was modified and the work limited to the effort completed to 

STATUS: 
contract. 
experiment could not be defined; therefore, a decision was made to terminate the contrac 
at the end of Phase I. 

Management Progress: 
The funding is being reduced and the period of performince is being extended t o  April 
lS, 1974 for publication and delivery of the final report. 

Technical Progress: Contractor has completed the work required by the a=ndsd 
Owing to the lack of consistent laboratory results, a meaningful drop rower 

The contract is being amended to include only the Phase I effort. 

DATE 
TRANSMtTfED 

. REPORTNO.: TITLE: AUTHORW: 

Find Report Draft, “Development of Techniques for Processing Metal-Metal Oxide 
Systems’’, P. C. Johnson. t 
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PROGRESS REP 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

TASK: Development of Techniques for Processing MetaI-Xetal Oxide Systems 

--.---.. STATUS: (Contfnued) 

Conclusions: 
matrix metal was not achieved. 
of the particles in the one-g experiments. 
at the solid-liquid interface was noted. 

A ratfafactory method to obtain wetting of the oxide particles by the 
Oxide bridging and agglomeration prevents segregation 

Some rejection of the non-wetting particles 

Problem: None 

Forecast: 
amended contract Scope of Work and the final report will be delivered April 15, 1974. 
This contract is considered t o  be completed. 

Contract ha8 been termiuated with the completion of the work required by the 

..* 
,--- 

-. - 
MI?C - *wm 330-1 (wr+ch 1973) 
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Materials and Process BbJ) 

1. RESPONSl@LE iNDIViDUAL: TELEPHONE: APPROVAL: 

Yates, I. Ci, Jr. 205-453-1664 . H. F. Wusnscher 

TASX: Proceats Develop nt for Composite Nterials nufacturing in Space (179-11-31-02) 
WS8-29620 

,. ~~ccoMPLISHMENTS (Milestones. PrObkmS. Nedr term actlvltler): 

General Dynarnicu Corp., Convair Aerospace Div., San Diego, CA 92111 

OTWECTIVE: 
preparation of fiberjparticle reinforced metal-matrix composites and controlled dem5gy 
metals in space. 

APPROACH: This effort will be divided into three tasks: (1) Establish specific materi- 
als compositions, processing requirements, and processing techniques for preparation of 
aluminum-base fiber/particle-reinforced composites and controlled density metals in 
space and produce prototype composites and controlled density metals by processing in 
zero-g test facilities. (2) Define expected properties that may be attained in space 
processed composites based on ground based and short duration zero-g experiments. 
(3) Define applications potential, users, and the technical and/or economic pay-off for 
specific products. 

The major objective of this task is to develop processing specifications for 

I STATUS: 
. tractual scope of work. A technique has been developed for the joining of non-wetting 
! reinforcement materials with liquid aluminum. 
1 following reinforcement materials: 

Technical Progress: Contractor is performing work in accordance with the con- 

Experiments were carried out with the 
Bare Pyrolytic Graphite Fibers, Chopped Silicone 

Carbide Filaments and Chopped Alumina (Sapphire) Filaments. 
were sent to the National Bureau of Standards to determine whether their techniques 
could be used to measure bond strengths between reinforcements and matrix. 
samples consistiag of aluminum oxide (Sapphire) filaments in an aluminum matrix, the 

Samples of these materials 

In the 

'. REPORT NO.: TITLE: AUTHOR(s): DATE 
TRANSMITTED 

Interim Report, "Space Processing of Composite Materials", W. H. Steurer and 
S. Kaye, January 15, 1974. L 



: Process Devalop t for composite nufac twing  i n  Space 

ical  Progress: (Conti 

t r i x  i R t e ~ ~ ~ s ~  i s  excellent. ere was a reac t ion  between the aluminum 
and t h e  o t h e r  reinfo:: n t s  (tungsten wires, s i l i c o  carbide f i l a  n t s  afid chopped 
g raph i t e  fibers) whic uld degrade t h e i r  composite roper t ies .  1 samples had some 

Additional experiments are planned to r e f i n e  e s t i r r i n g  rod. 
ce samples su i t ab le  for low grav i ty  experimentation. 
8 of space produced composites continues, 

The study of 

nt Progress: The contract w i l l  be modified t o  include t h e  required add i t iona l  
the period of performance extended to t h e  end of August 1974. 

COaClU8hns: None r 
j Forecast: 

~ 

Contractual work is scheduled &o be completed by August 31, 1974. 
I .  



Hoterials and Process R&D 
RESPONSIBLE INOlVl DUAL: TELEPHONE% APPROVAL: 

Nichols, R. L. 205-453-2005 H. CF. Wuenscher 

TASK: 
raS8-28991 Rockwell Intersltional, Space Division, Downey, CA 90241 

(IBJECTIVE: 
diameter from compositiono which do not normally form glasses and to characterize their 
properties. 

ACC~~MPLISHMENTS (Mtlestooes, Problems. Near term actlvltlsr): 

Production of Unique Hew Glasses in Space - Analytical Studies (179-14-10-01) 
The primary objective of this effort is to obtain glass spheres 6 - 8 

APPROAM: 
shall select six (6) oxide compositions which appear to be candidate materials fox 
producing glasses during a simulated zero-gravity condition. He shall conduct the 
experiments required to produce these glasses and analyze the results for percentage of 
glass obtained. For those samples providing the greatest yield, he shall determine the 
optical properties obtained in the glass spheres. That compositions considered to give 
the greatest glass yield shall be selected for further study. 
quantities of an impurity which simulates contadnation of the melt by a container 
material shall be added to the compositions and further tests conducted in a free-fall 
system to determine the effect of impurities on glass forming ability and glass proper- 
ties, 
monitoring facilities, control mechanisms, and engineering data required €or conducting 
an fn-space experiment for producing glasses. 

STATUS: 
contractual scope of work. 
fabricated, and installed at the laser site. 
determine the optimum procedures for suspending the oxides fsi- meitina and cooling. 

(Prior Contract NAS8-28014 Final Report, SD72-SA-0083, "Study of the Production of 
Unique New Classes", R. A. Happe, 13 June 1972) fr 

Utilizing data obtained from a prior contract, MAS8-28014, the contractor 

Small, but controlled, 

A study shall be conducted which results in a conceptual design of hardware, 

Technical Progress: Contractor is performing work in accordance with the 
A wind tunnel air suspension device has been designed, 

Initial tests are being conducted to 

. REPORTNO.: TITLE: AUTHOR(3): DATE 
TRANSMITTED 

Tenth Monthly Progress Report, "Manufacturing Unique Glasses in Space", R. A. Happe, 
Harch 18, 1974, 

.- MSFC - Form 3 S O  (March 1 9 7  8 )  

? 



od quality glass was obtained from 
used for melting the glass samples 

991 was awarded on Apri l  30, 1973 for a twelve 
nded to add additional ef fort  to the Scope 

o f  Work and to- e November 30, 1974. 

Conclusions: #one 

Problems : None 

Forecast: ColatKactua~ 'uork is  scheduled to be completed by November 30, 1974, 

_- ,/- 

../..-- 
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t CITLC: 

Mtcbrials and Process &D 
.* . . -n.". --.I--- 

, I l l  Wr8N',IUl.f  INOIVlDUALi TELEPHONE t APPROVAL: 

205-453-2005 8 .  F. Wuenscher Nichols, R. L. 
,. ACCOMPLISHMENTS (Ml~astonrr, Problsm5. Near term actlvltlar): 

TASK: Theoretical Study of Producing Glasses in Space (179-14-10-02) 
NAS8-29850 IIT Research Institute, Chicago, Illinois 60616 

OBJECTIVE: The objective of this project is to develop a model of the glass formation 
phenomena which is based on property data of the composition. 
dict the tendency to obtain amorphous structure and the conditions required to achieve 
it. 

It shall be used to pre- 

APPRQAW: Contractual effort will be utilized for this task and will include (1) model 
development, (2) model extension, (3) model evaluation and application, and (4) hetero- 
geneous nucleation study. 
laboratory experiments necessary to provide property data for viscosity, heat of fusion, 
and other unknown properties as required to complete the model and (b) conduct laborator) 
experiments necessary to empirically verify the results of computer meltirng-quenching 
experiments and to provide firm guidelines regarding the manner in which this pr0jec.t 
should proceed. 

The contract will be amended to include work to (a) conduct 

STATUS: Technical Progress: Theoretical relationships for nucleation and crystal- 
lization have been developed under steady state conditions for the simple Si02 system. 
This model is being.expanded to include non-steady state conditions. 
month, effort were directed towards (1) incorporating transient effects into the 
nucleation rate expression, including into computer software, and (2) developing the 
crystal growth equation. 

During the past 

I. REPORT NO.: TITLE: AUTWOR(s): DATE 
TRANSMITTED Eighth Monthly Status Report, "Theoretical Study of Producing Unique ?u 

Glasses in Space", I). 6.  Larsen, March 8, 1974. 

I_- MSFC - Form 860 (Narcb 1978)  
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RESEARCH AND 

STATUS: (Continued) I- 
mnagtment Progress: 
and is being amended to 8dd additional effort to the Scope of Work and to extend the 
Period of Performance to January 31, 1975. 

Conclusions: None 

Problems: lone 

UAS8-29850 was awarded on July 1, 1373 for twelve months of effort 

Forecast: Contractual work is scheduled t o  be completed by Yauuary 31, 1975. 
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RESEARCH AND TECHNOLOGY OPERATlNG PLAN 

. CENTER: 2. PERLOD COVERED: 3. CODE 

HSFC 01 10 73 
--.- .-- 

PRIOR NO.: _ ,  

31 03 74 
. 

-- . TITLE: 

Materials and Process adtD 
---I__ . RESPONSIBLE 1NDIV:DiJAL: TELEPHONE: APPROVAL: 

R. F. Wuenscher NiCh018, R. L. 205-453-2005 
, IIr.r-f)MPLiSnMEt~TI (MllQStOnOS, ProtNems, Near term activities): 

- --. _L 

TASK: Study of Diffusion Coefficient of Glasses Under Zero-G (179-14-20-02) 
NM8-30656 Vanderbitt University, Nashville, Tennessee 37235 and In-House 

OBJECTIVE: 
by perfowing an investigation of diffusion phenomena in glasses while in the liquid 
state  without the effect af convection. 

The'priwery objective of  this effort is to obtain diffusion coefficient data 

APPROACH: 
for research rocket flights. 
tus fabricated to obtain ground based data on bulk and surface diffusion in liquids. 
research rocket experiment will be developed and scheduled for flight. A supporting 
contract will be utilized to plan and develop experiments for long duration space flight 
in the area of diffusion in glasses. 

STATUS: Technical Progress: In-house work continues in accordance with the project 
plan and planning for the research rocket lights is proceeding by investigating dif- 
fusion experiments previously conducted and by identifying potential xaterfals. The 
cgntractual effort should start in April  1974. 

The in-house effort will consist of'a plan to develop diffusion experiments 
Glass compositions will be selected and laboratory appara- 

A 

Management Progress: 
the first part .of April 1974. 

The contract is in final negotiatton and.should be awarded during 

Conclusions: None 

. REPORTNO.: TITLE: AUTHORtr): DATE 
TRANSMITTED 

None L 
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Study of Diffusion Coefficient of Glasses Under Zero-G 

1 
(continuation Sheet) PAGE 2 OF 

TASK: 

- STATUS (Contfnued) 

Problems: None 

The in-house effort is expected to continue through FY-76. 
contract is scheduled to be completed in October 1974. 

c .. . .  

c 

The f irs t  

I 
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PROGRESS REPORT I 

RESEARCH AND TECHNOLOGY OPERATING PLAN 

URRENT NQ: 

I I 
TITLE: 

Pkttcrials and Processes R&D 
RESPONSBLE INDIVIDUAL: TELEPHONEI APPROVAC: 

H. F. Wuenscher Nichols, Et, L. 205- 45 3- 2005 
~.~:~oMYLIsHMLNTS (Mimtona. Problems, Near t o m  activltlw): 

TASX: Procesdag of Class-Ceradcs in Space (179-14-20-03) 
Contract (To be established - DCN 1-4-65-48002) 

OaJECTIVES: 
pracessing on Glass-Ceramic compositions with respect to microstructure and mechanical 
properties and processing techniques and to define process parameters for recrystalliza- 
tion of Glass-Ceramics in a low gravity environment. 

The objectives of this effort are t o  study the effects of low gravity 

APPROACH: The contractor shall conduct a specific program of Earth experiments which 
will lead to the development of glass-ceramics material having novel composition, micro- 
structure, or properties by processing in space. 
features of the zero-gravity environment in space which could provide containerless 
processing, uniform dispersion of phases, and high temperature crystallization without 
deformation 

STATUS: Technical Progress: A procurement action was prepared, placed on hold sta tus  
in October 1973, released with approved funding and sent to Purchasing in W r c h  1974. 

Management Progress: 

The program should utilize the unique 

Funding ha8 been approved for this procuremeat action. 

Conclusions: None 

Problems : None 

Forecast: Contract should require twelve months for completion. 
DATE 

TRANSMITTED 
. REPORTNO.: TITLE: AUTHOR(r): 

None 
2. 
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Materials and Proceali 8 & ~  
-ccI 

. RESPONSIBLE INDIVIDUAL: TELEPHONE; 

€I. F. Wuenacher 

K: Space Processing of Chalcogenide Glasses (179-14-20-04) 

: The objectivea of t h i s  effort are to (1) develop experiments €or producing 
e glasses in low-g for laser transmission-uses and (2) produce and character- 

: Technical Progress: The contractor has designed and fabricated a furnace for 

onrlusion: None 

roblems: None 

orecast: Contractual work is scheduled for completion by February 20,  1975. . 

_-- 
/ 
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Materials and Process R&D 
. RESPONSIBLE INDIVIDUALS TELEPHONE: AWROVALx 

hdorrrm, G. I). 205-453-5084 H. P. Wuenscher 

WSK: Electrohydrodynsmic Space Processes (179-15-10-01) 
Contr8ct W 8 - 3 0 2 5 0  Colorado State University, Ft. Collins, CO 80521 

. ACCOMPLISHMENTS lMilcritocm. Problems. Near t.wm actlvltlw): 

OBJECTIVE: 
electrohydrodynamic (EHD) phenomena to processing aPaterials in  space. 

The major objective of this effort is to develop methods of applying 

APPRCbRCH: 
studies under Contract NAS8-30250. 

The mst promising applications will be selected from the results'of current 
' 

%e selected processes will be refined, proven and 
tested . . ?  

I 

STATUS: Technical Progress: The principal investigator for the contract travelled to .; 
MSFC during February 1974 and discussed the research program with the contract laonXtor 
and other NASA personnel involved in the space processing program. 
ponents €or the experimental pressure vessel have been located, priced, and placed on 
order, so that fabrication of the unit should begin in March 1974. 

Management Progress: 
effort to start on February 1, 1974. 

Conclusions: None 

Most of the cone 
; 

? 
i 

NAS8-30250 was awarded on '26 bl&ember 1973 for 8 twelve month 

Problems : None 

Forecast: Contractual work is scheduled to  be completed by February 1, 1975 

I. REPORT NO.: TITLE: AUTHOR(r)r DATE 
TRANSMITTED 

First Monthly Progress Letter covering February 1974, "Electrohydrodynami8aie Space 
Processing Techriology", T. B. Jones, February 28, 1974. 

. .  

1 
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PROGRESS REPORT 

MSFC 

Study of Liquid-Solid Transition for Materials Processing in  Space 
. TITLE: 

WtC,  s. . RESPONSIBLE INDIVIDUAL! TELEPHONE: APPROVAL: 

I W. C. Snoddy 
R .  C. Ruff, S&E-SSL-TR 453-3090 

. ACCOMPLISHMENTS (Milestones, Problems, N*#r term adi"ltles)i 

TASK: Study of Liquid-Solid Transition for Materials Processing in  Space 
NASS-28664 The Dseing Go. , Huntsville 

OBJECTIVES: To develop an  increased understanding of the effects of external 
fields on the solidification process 
&he 'effect of external fields on the distribution of dopant in  a solidifying crystal. 
To better understand the tclchnique of simulating zero-gravity by applying a magnetic 
field to increase viscosity, 

APPROACH: Task 1 - Quantitative values shall be developed for the dependence of 
convection, diffusion, and internal forces on applied fields for a multicomponent, 

nionoatomic liquid. This 
data will  be used in  equation8 devebped during the previous year 's  effort to make 
the quantitative analysis. 

effects of applied 'fields on microsegregation of solute atoms and two phase materials 
during solidification. 
becomes available 

Task  3 - Tho foregoing analysis shall be applied to : (A) determine 
a e  similarities and differonce6 in diffusion and reduced convection in a liquid when 
subjected to a high magnetic field o r  zero gravity; (B) the effects on non-uniform 

"Solidification in Space: The Liquid State R. I. Miller Nov. 1971 
Model Approach'' presented at  Southeast 
Section of the American Phy6ical society 
(SESAPS) 

TO develop a mathematical description of  

4 '  

Data on basic liquid state properties must  be gathered. -- 
Task 2 - A mathematical description shall be developed for the 

Thie analysis Will be compared to experimental data as it 

. REPORTNO.: T I T L I I  AUTHOR(s): DATE 
T R ~ S M I T T E D  

R. C. Ruff 

a'The Free Volume Model Equation of 
State" presented at SESAPS 

R. I. Miller 
D. C. Jerome 

Nov. 1972 

"A Summary of Liquid State, Models for 
Materials Processing in Space1', Interim 
Report, contract NAS8-28664, Boeing 
Report No. D5-17268 

R. I. Miller Aug. 1972 

"Analysis of Field Effecta an Dense Liquid 
-Materials", Interim Report, contract NAS8-28664, 
Boeingg Report NO,. 95-17254 

R. I. Miller May 19 73 

continued on page 3 
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liquids by the application of a R F  positioning device; and (C) any possible unique 
effects in zero-gravity. 

STATUS: The search for experimental values of liquid properties for semiconductor 
elements, their compounds and for liquid metals has encompassed a computer 
search of NASA and DOD data banks, searches of the Physics Abstracts, the Science 
Citation Index, and the RSIC book collection, and contacts with Texas Instruments, 
Inc. , Eagle Picher Company, the High Pressure Data Center, the MIT Materials 
Science Department and the Vanderbilt MateriaIs Science Department. It w a s  
found that much of the experimental data for molten semiconductors has been 
measured by Russian researchers,  and that most of the Russian work deals with 
electrical  properties of the melts, and little of it concerns Il l-V elements o r  
compounds which are of interest in this study. 

Calculation of magnetic viscosity and Hartmann numbers has been performed for 
liquid InSb, InAs, GaAs and liquid Sodium. Calculation of diffusion coefficient and 
solidification rate changes for liquid In%, Ge, Hg and Na has been completed. 
decay of convection velocity in  a magnetic field has been derived and tables of 
entropy, heat capacity, isothermal compressibility and thermal expansion coefficient 

begun with the definition of six subtasks to be accomplished in this task, and the 
boundary conditions for the magnetic field problems of subtask 1 were determined. 

The 

have been generated from the Free  Volume Model for several  liquids. Task 2 was 

FORECAST: It appears that this thermodynamics and liquid state models approach 
to the. liquid-solid transition problem is no longer profitable to the Space Processing 
Applications Program. It has been shown that (as has been intuitively guessed) any 
influence between atomic solidification processes and external fields a r e  second 
order effects and essentially unmeasurable (except kinetic limited crystal  growth 
r a t e  which may vary 1 to 10% under applied magnetic fields). Therefore, this 
contract will be concluded during July, 1974. 't 

This is not to imply that such a study should never be continued as a basic 
research  topic. 
clarify this topic would benefit a broad range of researchers.  

The liquid state is very poorly understood and any work done to 
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CURRENT NOJCODE: 

179-11-10 PROGRESS REPORT 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

(Continuation Sheet) PAGE 3 OF 4 
Date 

Report: Author(8) : Transmitted: 

"External Field Zffects on Solidification R. I. Miller Nov. 1973 
Rate" presented at SESAPS 

"Qualitative Eff4;zts of Oscillating 
Magnetic Fields on Crystal Melts" 
in Journal of Crystal Growth 

R. I. Miller Nov. 1973 

"Thermodynamic Properties Derived R. I. Miller Mar. 1974 
From the Free V d u m e  Model of Liquids" 
in Metallurgical Transactions 

I 
.. .. I 

L 
U S F  

c 
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PROGRESS REPORT * .  

PAGE 1 OF 3 RESEARCH AND TECHNOLOGY OPERATING PLAN 
, CENTER: 2. PERIOD COVERED: 3. CODE 

CUdRENT NO.: PRIOR NO.: 

MSFC 01 10 73 31 03 74 179-11-11 9 75 - 90-9 5 
c 

I 7tTLE: 
I 

Single Crystalu of Metal Solid Solutions 
. RLSPONSiBLE iND1VIDUALr TELEPHONE: APPROVAL: w,cr 3 ,  

R. C. Ruff, S&E-SSL-TR 453-3090 W. C.  Snoddy 
I 

, ACCOMPLISHMENTS (Milestones, Problems. Near term aCtlVltle5): 

- TASK: Single Crystals of Metal Solid Solutions 
Contract NAS8-28749, Battelle Columbus Laboratories 

OBJECTIVES: (A) To define the influence of convection and/or gravity on the 
eubstructure of a metal  solid solution; (B) to define the influence of a magnetic 
field on the substructure of a metal solid solution; (C) to define requirements for 
a space flight experiment to verify results of this study. 

APPROACH: 
of gravity and/or convection on the chosen system. 
Will be used to characterize the substructure of the single crystals of metal solid 
Bolutions. 
thermal gradients (some inverted if possible) and at different angles to the gravity 
Vector. 

magnetic fields on the substructure of single crystals of chosen metal solid solution 
Bystem. 
artificial viscosity has on the growth interface shape; (2) if the magnetic field 
influences the dirdction o r  magnitude of diffusion in the liquid; and (3) what 
Bimitarities growth in a magnetic field would have with growth in zero gravity. 

Task 1: An experimental study shall be run to characterize the role 
Quantitative metallography 

This experimental study will consist of crystal  growth under various 

Task 2: An experimental study shall be run on the influence of 

The study shall be designed to determine: (1) what influence the induced 

AUTHOR(s): DATE 
t REPORTNO.: TITLE: TRANSMITTED 
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STATUS: The alpha silver/zinc alloy system (20  at. Ok zinc) has been chosen for 
this study. A metallographic polishing and etching technique has been developed 
to bring out substructure features. 
growth both with and without a magnetic field has been completed. Apparatus to 
measure temperature gradients and fluctuations in the melt has been assembled 
and tested. 
use in the development of the characterization techniques. 

The design and assembly of apparatus for  

Several crystals have been grown under controlled conditions for 

FORECAST : 
be met when 

This work is progressing very satisfactorily 
contract expires in October, 1974; 

and all objective s should 
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. TITLE: 

Segregation Eficcta During Solidification in Weightless Melts 
-.. .--- I_- 

@ V I  c.. 5. 1 161 & J I t % l W l  t INDIVIDUALi TELEPHONE: APPROVAL: 

R .  C. Ruff, S&E-SSL-TR 205-453-3090 W, C. Snoddy I -- 
ACr,OMPLISHMENTS (h4ilestotms. Problems. Near term actlvltles): 

rASK: - Segregation Effects During Solidification in Weightless Melts 
Contract NAS8-29662, Grumman Aerospace Corporation 

3BJECTIVES: To develop a comprehensive numerical solution for segregation 
effects during solidification. 
svaporation. To correlate the theoretical analysis with experimental behavior of 
specific materials and methods of solidification. 

To incorporate a solution for segregation due to 

APPROACH: A numerical solution w a s  developed to predict segregation effects due 
to evaporation for Skylab sphere forming experiments. 
was dzveloped to predict segregation effects for longitudinal solidification. 
basic computer model will be improved by considering inherent solidification 
parameters as a function of temperature and concentration. 
w i l l  be used to t ry  to explain any anomalous results reported by Skylab principal 
investigators. 
explaining anomalies in rocket and ASTP experiments. 
analyze different types of crystal  growth techniques. 
m z  space flight will be input and a n  analysis will be made to determine both optimum 
and crit ical  combinations of thermal and material  parameters,  

A basic computer model 
The 

The improved model 

The improved model will also be used in predicting effects and 
The model s>all be used to 

Thermal conditions expected 

DATE 
TRANSMITTED 

TITLE: AUTHOR(r): . REPORTNO.: 

"Segregation Effects During Solidification . 
in  Weightless Melts", Final Report, 
Jan. 1, 1972 to  June 29, 1973, on 
Contract NAS8-27891 

Chou Li June 29, 1974 

HA New Mechanism for the Formation Chou Li 
of Growth Spirals", to be published in F. Y. Wang 
Journal of Applied Physics in  May, 1974 K. P. Gupta 



STATUS: As indicate in the aPlprOach, the basic computer model for solidification 
has been written and working. Convarting the material  parameters to variables 
a s  a function of temperature and concentration is beixig done, Several instabilities 
and slow convergence regions a r e  being found and suitably corrected. 
is interacting with Battelle (under contr&ct NAS8-28749, "Single Crystals of Metal 
solid Solutions") in a mutually beneficial manner: 
growing CVstals of a material  with a high concentration of a dopant which also 
preferentially evaporate@. 
the computer model- 
analyzed as they a r e  becoming available. 
any which show spurioas or  anomalous results. 

FORECAST: It is planned that the FY-75  effort will bring this effort to a logical 
conclusion. 
an expanded objective to model solidification and segregation in two dimensions 
(applicable to symmetrical  systems). 

-- 
Grumman 

Battelle is experimentally 

This is an ideal method to check, correct, o r  improve 
The SkYbb crystal growth experimental results a r e  being 

The computer model will be applied to 

If appropriate at that time, the FY-76 effort would be a new RFQ with 

..- _-- * _  .I 

c 
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INMISCLBLE tATERIALS - GROUND BASED STUDIES 
qESPONStBL€ IN& 

OBJECTIVE (SL: 
fn  space a 
a r e  h i s c i b l l i  i n  the molten s t a t e  (i.e., the  components a r e  mutually insoluble  ) and 
separa te  whe? mixed together i n  one-g due t o  d i f f e r e n t  dens i t ies .  
consider d i f fz ren t  techniques f o r  melting and mixing immiscible mater ia l s  i n  space 
and determine the proper t ies  and appl ica t ions  of such mater ia l s .  

This research program w i l l  determine the f e a s i b i l i t y  of producing 
c l a s s  of composite mater ia ls  f o r  e l ec t ron ic  appl icat ion.  The mater ia l s  

This e f f o r t  w i l l  

APPROACH: 
atory,  i n  th@MSFC Droptower and i n  Skylab are being s tudied.  The physical p roper t ies  
of the  materials and t h e i r  po ten t i a l  appl icat ions a r e  being invest igated by using 
e l e c t r i c a l ,  I . A ~ ~  temperature, magnetic and u l t rasonic  techniques. The charac te r iza t ion  
techniques used depend on the pa r t i cu la r  mater ia ls  se lec ted  
s ingular ly  Or in any combination. 

STkf-US: 
and supercondbcting proper t ies  o f  Ca-Bi which was processed i n  the MSFC Droptower. 
The r e s u l t s  of the i n i t i a l  phase w i l l  be presented a t  the AIAA 12th Aerospace Sciences 
Meeting on Jaiiuary 1974. 
Was Processed on SL-3 w i l l  be continued,including evaluat ion of the f l i g h t  samples. 
A new aon-contacting technique f o r  measuring the  e l e c t r i c a l  r e s i s t i v i t y  of space process 
samples has bean developed. 
determine the themica1 and metal lurgical  homogeneity of bulk rods (diameters of 3mm and 
la rger ) .  A sctence demonstration of the behavior and proper t ies  of a melting mater ia l  
i n  zero-gravity was performed on Skylab 11s. Another science demonstration concerning 

e l ec t ron ic  proper t ies  of dispersed inrmiscibles prepared i n  the  labor- 

and may be used e i t h e r  

The i n i t i a l  phases of t h i s  work'have concentrated on measuring the e l e c t r i c a l  

The evaluation of the physical propert ies  of AlCu which 

This non des t ruc t ive  technique can be used t o  accurately 

OAT E 
TRANSMITTED 

. REPORTNO.: TITLE1 AUTHORlr): 

tr MISC-SSL-7342 h i s c - k b l e  Mater ia ls  - Ground L .L .Lacy Aug 1973 
Basea Studies ,  F i r s t  Quarterly G. H. O t t o  
Progress Report 

A M  # 74208 The E l e c t r i c a l  Propert ies  of Zero L. Lacy. Jan 1974 
Gravity Processed h i s  Lbles G. H. Otto 
AlAA 12th Aerospace Sciences 
Meeting, Washington, D. 6 .  

Quick-Look Report on Skylab 4 L. Lacy Mar 1974 
Science Demonstration TV 102: G. H. Ottb 
Immiscible Liquids 
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the bei-*ior of &aiscible  l iqu ids  in zero-gravity is planned for Skylab IV. 
e 
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PAGE 1 OF 2 

CURRENT NO.: PRIOR NO.: 

RESEARCH AND TECHNOLOGY OPERATING PLAN 

_ -  CENTER: 2. PERIOD COVERED: 3. CODE 

31 74 179-11-21-00 I 01 10 73 
-- -- .--_ MSFC 

TITLE: 

ZONE REFINING IN A ZERO-GRAVITY ENVIROMMENT 
H ESPONSI BLE INDIVI DUAL: TELEPHONE. APPROVAL: 

M. Davidson, S&E-SSL-TR 45 3-3090 4?C? Snoddy , S&E-SSL-T -_-- 
p<,CfiMPLI5HMENT5 (Milestones, P?OblSmr. Near term aCtiVltle5): 

Conrract No: Not selected 
Contractor Not selected 

OBJECTIVE(S): Determine the applicability of float zone solidification techniques 
in zero gravity for producing improved materials of industrial importance, 

APPRAOCH: 
zones having lower surface tension to density ratios due to low-gravity environments. 
Analyze promising candidate materials with respect to maximum diameters possible, 
zone stability under rotation, and potential cost savings to the industrial 
community, 

Study possibilities of increased zone diameter and floating liquid 

STATUS: In contract negotiations. 

FORECAST: Contract by December, 1973. 

. REPORTNO.: TITLE: AUTHOR(s): DATE 
TRANSMITTED 

None E 

._I_ 

MSFC - Form 8 6 0  (Much 1978)  
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MSFC 01 10 73 31 03 74 

Growth of Single Crystal Ribbon in Space 

5 5. HESPONSlt?LE I NO1 V I DUAL: TELEPHONE: APPROVAL: 
c. 

R. C. Ruff, S&E-SSL-TR 453-3090 W. C. Snoddy I I 
5. ACCOMPLISHMENTS (Mllertones, Problems. Near term actlvlties): 

TASK: Growth of Single Crystal Ribbon in Space 

OBJECTIVE(S): To theoretically analyze R F  induction and other forces capable of 
shaping a silicon ribbon in space. 
technique to determine if technique is feasible in space. 
requirements on silicon ribbon for economic utilization. 
analysis showing benefits possible if technique is feasible. 

To experimentally test  any recommended 
To specify technical 
To make an  economic 

'APPROACH: A detailed theoretical analysis will be made of R F  induction shaping 
forces for different coil configurations. 
will be studied to determine i f  ribbons can be shaped in space. 
result shall  culminate in a recommendation to continue o r  to drop this RTOP. 
ribbon production appears feasible, an  analysis will be made of silicon processing 
requirements (flatness, perfection, orientation, etc. ) for economic utilization. 
The recommended ribbon growth technique will be simulated as well as possible 
in the lab to tes t  and check out concept. 
be made to ensure that if ribbon technique is implemented in  space i t  will be 
economically worthwhile. 

Simultaneously, other innovative ideas 
This theoretical 

If 

Periodically, an  economic analysis will 

If justifiable, a flight experiment will be developed. 

AUTHOR(s): DATE 

t 
p REPORTNO.: TITLE: TRANSMITTED 
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CURRENT NOJCOD&: 

PROGRESS REPORT 179 - 12 -13 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

(Continuation Sheet) PAGE 2 s 3  

STATUS: The RFQ for the first year effort has been written and approved and 
is now in the process of being released. 

FORECAST: It i s  expected that the proposals will. be received and evaluated 
in April, May of 1974 and the contract negotiated in June of 1974, 
I 

. -  
msFC - Form 330-1 (March 1973) 

w.. 
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?ROGRESS REPORT 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

PAGE 1 OF 2 

CURRENT NO.: PRIOR NO.: 

MSFC - -  !?I. l o  73 - -  31 03 74 179-12-13-06 
. TITLE: 

ANALYTICS OF CRYSTAL GROWTH 
. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROV : 

Ld CY 
T. Bannister, S&E-SSL-TR 453-3090 W. C. Snoddy, S&E-SSL-T 

. ACCOMPLISHMENTS (Milestones. Problems, Near .. term activities): 

Contract: NAS8-29847, University of Southern Cal i forn ia  

OBJECTIVE(S): 
c r y s t a l  growth. To i n i t i a t e  a complementary l a b  e f f o r t .  

To analyze mathematically so lu t ion  c r y s t a l  growth and f l o a t  zone 

APPROACH: (1) To develop a set  of equations describing each growth system. (2) 
To so lve  the set of equations using a n a l y t i c a l  and computer techniques.(3) Grow c r y s t a l  
i n  neu t r a l ly  buoyant so lu t ions .  
STATUS: (1) Equations are being s e t  up and s tudied  t o  obta in  a soluble  set  without 
making u n r e a l i s t i c  simplifying assumptions. 

’. REPORT NO.: TITLE: AUTHOR@): DATE 
TRANSMITTED 

One bimonthly r epor t  k 

’. REPORT NO.: TITLE: AUTHOR@): DATE 
TRANSMITTED 

One bimonthly r epor t  k 

I 
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PAGE 1 OF 2 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

. CENTER: 2. PERIOD COVERED: 3. CODE 
CURRENT NO.: PRIOR NO.: 

01 10 73 31 03 74 179-12 -15 - 01 
MSFC 

, r irLE;  

Space P r o c e s s i n g  R e s e a r c h  on C r y s t a l  Growth 
HESPONSIELE INOIVIDUAL: TELEPHONE: 

M. Davidson, S&E-SSL-TR 205 453-3090 
, ACCOMPLISHMENTS (M4iestones. PrOblOms, Near term rcttvit4er): 

Contrac t  No. : NAS8-29542 
Contrac tor :  Univers i ty  of Alabama in Huntsvi l le  

APPROY : 

W'C? Snoddy, S&E-SSL-T 

Objective: I m p r o v e  ex is t ing  techniques and develop new techniques f o r  the ana lys i s  
of c r y s t a l l i n e  per fec t ion  in o r d e r  to  d e t e r m i n e  the  effects  of a low-gravi ty  environ-  
ment  on t h e  growth of c r y s t a l s .  

I_ Approach: Study v a r i o u s  techniques f o r  d e t e r  mining c r y s t a l l i n e  perfect ion.  
Photovoltaic e f fec ts  and photoluminescence wil l  be  cons ide red .  
techniques f o r  m e a s u r i n g  high f requency  r e s i s t i v i ty  and mobi l i t i e s  i n  semi- 
conductors  w i l l  b e  s tudied.  
o r d e r  to provide b e t t e r  spa t ia l  resolut ion.  

Noncontacting 

An ef for t  w i l l  b e  m a d e  to r e d u c e  the  s a m p l e  area in 

Status:  Res i s t iv i ty  and Hal l  effect m e a s u r e m e n t s  have been m a d e  on G a A s  samples .  
High f requency  r e s i s t i v i ty  m e a s u r e m e n t s  have  a l s o  been  m a d e  on G A S .  

Forecas t :  High f requency  r e s i s t i v i ty  and photoluminescence s tud ie s  wi l l  b e  
continued. c - 

TITLE: AUTHOR@): DATE 
TRANSMITTED 

, REPORTNO.: 

Monthly P r o g r e s s  R e p o r t s  Title : Electrical C h a r a c t e r i z a t i o n  of 
Janua ry  1972 - Present GaAs Single C r y s t a l  in D i r e c t  

Support  of M555 F l igh t  E x p e r i m e n t  

F ina l  Repor t  
December  1972 

Title: Invest igat ion of C r y s t a l  Growth 
in  Z e r o  Grav i ty  Envi ronment  and 
Invest igat ion of Metal l ic  Whiskers  
by: J. H. Davis  H. U. W a l t e r s  

R. B. La1 J. G. Cas t l e ,  Jr. 

I- 

MSFC - Form 3 6 0  (March 1 9 7 8  ) 

b 



CRYSTAL GROWTH AND CHARACTERIZATION 
A RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL. r s  

N. Davidson, &E-SSL-TR 45 3 - 30 90 W. C. Snoddy, S&E-SSL-T 
,. ACCOMPLISHMENTS (Mllestones, Problems. Near term actlvltier): 

Contract No.: In-house 
Contractor: In-house 

OBJECTIVE(S): Conduct in-house studies supplementing contractual efforts in 
sblidification and crystal growth. 

APPROACH: Examine various crystal growth methods and characterization methods, 
including X-ray topography, dc resistivity, Hall mobilities, and photovoltaic 
scanning. 
of crystals in low gravity and the evaluation of those crystals, 

Methods selected for study are those which have application to growth 

STATUS : 
with the 
growth o 

Current studies emphasize photovoltaic scanning of semiconductor crystals 
goal of relating photovoltages to crystal quality, Work continues on 

f metal-doped organic single crystals, A vacuum coater has been modified 
and techniques developed to apply low resistance contact to GaAs, X-ray defect 
analysis techniques are being used and topographs of Ge single crystals have been 
made. 

FORECAST: Continue study of photovoltaic characterization of semiconductor 
crystals, Further studies of epitaxial growth techniques for semiconductor 
crystals will be conducted. An X-ray transmission topography apparatus is being 
assembled and should be operational shortly. 

/-- 

c- 

r. REPORT NO.: TITLE: AUTHOR(r): DATE 
TRANSMITTEO 

MSFC R&T Review Crystal Growth Studies 6. F. Schafer F@b 1973 
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RESEARCH AND TECHNOLOGY OPERATlNG PLAN 

MSFC 01 10 73 31 03 74 
TITLE: 

Gravitational Effects on Process-Induced Dislocations in Silicon 

b , C .  5 R€SX?NSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

W. C. Snoddy M, C. Davidson 205-453-3090 
ACCOMPLISHMENTS (Milestones. Problems. Near term actlvltlWr 

TASK: Gravitational Effects on Process-Induced Dislocations in Silicon 
Contract NAS8-29851 Texas A&M University 

OBJECTIVES: To characterize the density of dislocations generated and the mode 
of generation during thermal processing of silicon under the influence of gravity. 
TO characterize the mechanical aspects of the processing and develop an analytic 
model for dislocation generation. 
production for a specific step in  the processing of a typical large scale integrated 
(LSI) circuit. 
process induced defects on silicon devices. 

APPROACH: The contractor shall characterize the density of dislocations generated 
and the mode of generation during high temperature processing (oxidation and 
diffusion) of silicon under the influence of gravity. This wil l  include a characteriza- 
tion of the mechanical aspects of the processing and development of an analytical 
model for dislocation generation. 
of gravity induced dislocation generation on a typical LSI circuit by varying the 
gravitational influence on only one step during the production of the LSI. 
resdts shall be extrapolated to shaw what economic benefit could be gained by 
processing of all critical steps in zero-gravity, 
preparations for extending his ground based experiments to higher-g values in a 

To relate dielocation generation to economics of 

To formulate a space experiment to measure the effect of gravity on 

The contractor shall demonstrate the economics 

These 

The contractor shall begin 

DATE 
TRANSMITTED 

. REPORTNO.: TITLE: AUTHOR(3): 

k 



RESEARCH AND 

centrifuge. 
centrifuge a t  JSC and the design and possible fabrication of a small  high temperature 
furnace with appropriate aerodynamic shielding. 
studies shall continue. This shall include such things as: analysis of open tube 
(commercial method) and closed ampoule processing conditions; silicon wafer and 
ampoule design and dimensions and identification and minimization of hazards in 
space processing. 

STATUS: Necessary apparatus for processing silicon wafers in sealed quartz 
ampoules has been ordered. 
to determine generation of dislocations in wafers supported in cantilever fashion 
from the bottom at 450. 
constructed for non-destructive analysis of the wafer defects. Many runs on the 
open tube system have been made with different insertion, soak, and withdrawal 

This shall include making the necessary arrangements to use a large 

Space flight experiment definition 

Preliminary experiments have been done in open tubes 

A Berg-Barrett  type topographic X-ray camera is being 

CONCLUSIONS: Different types of defects a r e  generated on silicon wafers during 
thermal processing depending on whether the polished side of the wafer is up o r  
down. It also appears that plastic flow during the thermal soak period (diffusion 
steps in  processing) is more  important in generating defects than thermal shock 
during insertion o r  removal. 

FORECAST: The people at JSC managing the centrifuge facility have been contacted. 
No problems associated with using that centrifuge were found. 
and fabrication for use on the centrifuge will, therefore, begin. 

Apparatus design 

- _  - ._ __. 

b 

-. -- 
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, TITLE: 

Crystal Growth in Fused Solvent Systems - .---.---- . RE~PoNSIBLE INDIVIDUAL: TELEPHONES APPROVAL: 0. c. 5 
R. C. Ruff 205-453-3090 W. C. §noddy -- - . ACCOMPLISHMENTS (MLlestoner. Problems. Near term activities): 

TASK: Crystal Growth in  Fused Solvent Systems 
Contract NAS8-28114, General Electric Co. 

- 
OBJECTIVES: To develop the technique of solution growth of crystals for application 
in the micro-gravity environment of space, To investigate the relative effects of 
convection and diffusion on solution grown crystals. To define the requirements for 
solution growth of certain selected crystal  systems for a n  experiment in  space. To 
make a preliminary design of a solution growth facility for Spacelab. 
interim economic analysis showing benefits of solution growth in  space f o r  selected 
candidate systems 

To make an 

APPROACH: 
Task 1: The experimental study to define in depth all the variables 

needed to design a zero-gravity crystal  growth experiment shall be continued, 
This will include, but not be limited to the following: defining the solvent system; 
determining the temperature and thermal control requirements; determining the . 
solubility characteristics; and determining the need for any mechanical apparatus 
such as fo r  introducing a seed crystal. Initial material  systems to be studied a r e  
an  aqueous solution of triglycine sulfate and a molten glass solution of both lead and 
bismuth germanate. 

- . REPORTNO.: TITLE: AUTHOR(r): OAT€ 
TRANSMITTED 

. _- 
I 
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Task 2: Experimentally study the basic structural  and electro-optic and 
electro-acoustic properties of solution grown crystals i n  an effort to isolate 
and describe the influence of diffusion and convection on these properties. 
Initially? this task will concentrate on the germanates grown from a glass melt. 
If appropriate, a low temperature system shall be studied to model the effects 
of diffusion and convection of high temperature systems. 

Task 3: Initiate an  experimental study on ceramic oxide crystals 
needing solution temperatures higher than 1000°C. The same parameters will 
be studied as are listed i n  Task I. This class of materials needs to be evaluated 
since the Shuttle-Spacelab capabilities will not be as restricted as those of 
Skylab. 

PROPOSED TASK: To permit planning for concept verification testing of 
solution growth systems at MSFC, design of an  engineering model of a solution 
growth facility shall  be delivered to MSFC. 
meeting requirements specified i n  above tasks. 

This facility would be capable of 

PROPOSED TASK: Because of the rapid expansion of the state-of-the-art of 
growth of electro-optic and electro-acoustic crystals, it is proposed to make 
a n  economic analysis of candidate systems to ensure that crystals are still 
i n  economic demand and that te r res t r ia l  growth problems a r e  st i l l  of sufficient 
magnitude that expected advantage of space growth is economically worthwhile. 

STATUS: Research has centered on the growth of Bi12 Ce 020. 
development and seeded growth experiments have been emphasized. 
solvent development was conducted on the Bi12 Ge 020 - Biz 0 3  '2B2 0 3  solvent 
series. Both the temperatures of the spontaneous appearance of crystals in 
solutions containing 30 to 90 weight percent Bi12 Ge 020  and the nucleation - 
viscosity relationships were determined. 
and 50 B2 0 3  was determined to be the optimum solvent. 
degree of supersaturation and spontaneous nucleation were evaluated as a 
function of seed insertion time and temperature. Optimum growth on the seed 
took place at 670OC. 
distribution to be uniform with the exception that the growth area immediately 
next to the seed w a s  depleted of germanium. Detailed X-ray analysis showec' 
the crystal  to be 12 Biz 0 3  B2 0 3  ra ther  than Bi12 Ge 0 2 0 .  
thermal analysis studies, alumina (A12 0 3 )  was added to the solvent and Bi?, 0 3  
and B2 0 3  reduced to prevent solvent-solute interactions. This \.IS resultw' i:, 
a solvent consisting of 0. 75 Biz 0 3  0- 5 A12 0 3  ' 1.OB2 0 3 .  Sotribility daf-1 -CAS 

collected as a function of temperature and a solution consisting of 70 to 80 I -r:ig?it 
percent Bi12 Ge 0 2 0  i n  30 to 20 weight percent of 0.75 Biz 0 3  - 0.5A12 0 3  1.0 

single crystal  areas of Bi12 Ge Oz0. 
of the glass solvent f rom the single crystal  Bi12 Ge 0 2 0 .  

as Na OH appear to he satisfactory. 

Solvent 
Initial 

From this a solution of 5@ Bi12 Ge O30 
Seed solubility, the 

Microprobe analysis showed bismuth and germanium 

Based on diiferentia' 

0 3  was found to be optimum. Seeded growth experiments have produced 
SolveDts were investigated for the separatio! 

Hot basic solutiorls SUc* 

USFC - Fonn 350-1 (March 1973) 
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Experiments on the growth of Pb5 Ge3 011 from previously developed solvents 
have been initiated. Optical rotation in  a helium-neon laser  is being investigated 
as a tool for characterizing and identifying gravity related defects in  Bi12 Ge 0 2 ~  
and the Pb5 Ge3 011. 
the optical rotation due to the reversal  of the spontaneous polarization. 
has been extended to triglycine sulfate (TGS) which is also being studied under 
subcontract to Pennsylvania State University.. 
TCS and correlated these to Raman spectra,  dielectric loss  and the pseudo- 
conductivity which is associated with the pyroelectric characteristics of TGS. 

The emphasis is being placed on the change in  sense of 
This work 

Penn. State has studied defects in  

I 

--- 
HSFC - Form 350-1 (March 1973) 
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CENTER: 2. PERIOD COVERED: 3. CODE 
CURRENT NO.: PRIOR NO.: 

01 10 74 31 03 74 179- 12-23-02 MSFC 
TITLE: 

TASK: SOLUTION CRYSTAL GROWTH 
RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

lrlcs 
T. Bannister,  S&E-SSL-TR 45 3-3090 W. C. Snoddy, S&E-SSL-T‘ 

CONTRACT NAS8-28098, University of Alabama a t  Tuscaloosa 

ACCOMPLISHMEN?S (Mllostoner, Prol)lemr, Near term actlvltier): 

OBJECTIVE(S):. (1) To determine the  e f f e c t s  of gravity-induced convection on 
the q u a l i t y  of so lu t ion  grown c r y s t a l s ,  pr imari ly  Rochelle s a l t .  (2) To determine 
t h e  mechanism of metal ion doping i n  so lu t ion  grown organic c rys t a l s .  (3) To define 
f l i g h t  experiment on so lu t ion  c r y s t a l  growth f o r  rocket f l i g h t s ,  and Space 
Lab m i s s  ions. 

APPROACH: 
(3) 
c rys t a l s .  (4) To photograph growth and convection. 

STATUS: 
correspondingly cause f e r r o e l e c t r i c  degradation of Rochelle s a l t  c rys t a l s .  

-- FOWCAST: (1) To def ine the  nature  of metal ion doping. (2)’ To analyze c r y s t a l s  
from the  Skylab IV demonstration. 

(1) 
(2) 

TQ evaluate  Rochelle s a l t  c r y s t a l  grown i n  Skylab I V .  
To grow c r y s t a l s  from concentrated so lu t ions  a t  varying rate’s. 

To charac te r ize  the c r y s t a l s  using f e r r o e l e c t r i c  h y s t e r e s i s  and ,etching of t h e  

It has been shown t h a t  increased growth r a t e s  increase convection and 

TITLE: AUTHOR(s1: DATE 
TRANSMITTED . REPORTNO.: 

UAT 28098-1 Inves t iga t ion  of Crys ta l  1. Miyagawa peb 1973 
Growth from Solutions 

10 bimonthly progress r epor t s  
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, TITLE: 

CONVECTION ANALYSIS 
, RESPONSISLE INDIVIDUAL: TELEPHONE: 

I. Bannister, S&E-SSL-TR 205 453-3090 W. C. Snoddy, S&E-SSL-T . 
, ACCOMPLISHMENTS (Milestones, Problems, Near term actlvltles): 

Contract Number: NAS8-29610 
Contractor: Lockheed Missile and Space Co. 

OBJECTIVE(S): (1) To analyze the effects of low gravity on fluid behavior (heat and 
mass transfer) as applied to the space processing applications program. 
determine the effects of convection induced by surface tension, 

(2) To 
Y 

g-jitter, etc., in low gravity. (3) To define flight experiments on con- 
vection and diffusion forsouhding rocket f l i g h t s  and Spacelab missions. 

APPROACH: (1) To develop dimensional analysis techniques on certain fluid problems. 
(2) To model selected processes on a computer. 
for  low- g application. 

(3) Initiation of convection cr i ter ia  

STATUS: (1) Contguea study on heat transfer due to vibrations (g - j i t t er ) .  (2) Analyze 
a. possible sounding rocket measurement. (3) In i t ia te  analysis of s i l ver  crystals  groym 
on Skylab. 

FORECAST: (1) W i l l  define g - j i t t er  spectrum e f fec t s  on f lu ids .  12) W i l l  continue 
sounding rocket work. 
-. 

(3) To analyze si lver  crystals grown on Skylab N. 
I 

TITLE: AUTHOR(s)r . DATE 
TRANSMITTED . REPORTNO.: 

NOTE: This is a new contract resulting f rom the requirement to go RF,P for 
continuation of the convection effort. 

The following are reports generated previously which are related to this task: 

LMSC-HREC TR D306402 Fluid and Particle Dynamic P. G. Grodzka Feb. 1973 
Effects in Low-g Composite S. V. Bourgeois 
Casting 

LMSC-HREC TR S306350 Types of Natural Convection P. G. Grodzka Jan. 1973 
in Space Manufacturing 

- Processes  

LMSC-HREC D306140 A Numerical Solution for L. W. Spradley Jan. 1973 
Thermoacoustic Con- S. V. Bourgeois 
vection of Fluids in Low C. Fan  
Gravity P. G. Grodzka 

MSFC-Form350 (March197111 
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Convection Phenomena in C, Fan Dec. 1972 
Electrophoresis Separation 

Report No. 

LMS,C-HREC TR D306300 

LMSC- HREC D3 06065 

LMSC-HREC 33225365 

LMSC-HREC D225333 

LMSC-HREC D162926 

LMSC-HREC D225149 

LMSC-HREC D148619-A 

UAT 28098-1 b 

Convection in Space Pro- S. V. Bourgeois July 1972 
ceasing (M512) P. C. Grodzka 

A Study of Natural Convection L. W. Spradley Oct. 1971 
in Low Gravity Solution 
Growth of Rochelle Salt 
Crystals 

C ,  Fan 

The Apollo 14 Heat Flow P. G. Grodzka Sept. 1971 
and Convection Dernonstra- C. Fan  
tion Experiments - Final R. 0. Heddon 
Results of Data Analysis 

Natural Convection in Space P. G. Grodzka July 1971 
Manufacturing Process  es C. Fan 

Mass Diffusion of Gallium P. G. Grodzka June1971 
Arsenide in a Gallium Solution C. Fan 

Zero-Gravity Solidification P. G. Grodzka Mar. 1970 

Investigation of Crystal  I. Miyagawa Feb. 1973 
Growth f rom Solutions 

Heat Flow and Convection T.C. Bannister Feb. 1973 
Demonstration Experiments 
Aboard Apollo 17 (Early Results) 

Heat Flow and Convection T. C. Bannister May 1972 
Demonstration Experiments 
Aboard Apollo 14 

'L 

Heat Flow and Convection T. C. Bannister July 1971 
Demonstration (Apollo 14) 

Surface Tension Convection P. G. Grodzka my 1970 
During Floating Zone 
Refining 

'r. C. Bannister 

A Proposed Crystal Growth T. C. Bannister Jar). 1'-'70 
Program for Space Process-  
ing Including Flight Exper i- 
ments 

G. M. Ariiett 

.-- .-c - 
HRPt - I'iwui 3SO-1 (March 1973) 
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(antinuation Shecc) OF 4 

REPORT NO. 

AlAA Paper 
#7 4 - 15 6 
AlAA Paper 
1174- 76 

AfAA Paper 
C74- 205 

LMSC-mc TR 
D 306955 

TITLE 

Natural Convection in Low-g Enivronments P, G. Grodzka Feb '74 
T. C. Bannister 

Thermoacoustic Convection of Fluids in 
Low Gravity 

L. W. Spradlen Jan. '74 

Flu id  Dynamics ti Kinematics of Molten 
Metals in the Low Gravity Enivronment 
of Skylab 11 

Convection Effects on Skylab Experiments 
M551, M552, and M553 Phase 4 Report. 

S. V.  Bourgeois Feb. ' 74 
M. R. Brashears 

S. V. Bourgeois Dec, '7 

LNSC-HREC Physical Forces Influencing Skylab 
TR D390056 Experiments M551, M552, and M553, 

Summary Report. 

S. V. Bourgeois Jan '74 
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CURRENT NO.: PRIOR NO.: 

179-15-12- 01 

RESEARCH ANG 'ECHNOLOGY QPERATlNG PLAN 

2. PERIOD COVERED: 3. CODE I. CENTER: 

01 10 73 31 03 74 MSFC 
._ -_ 

I. TITLE: 

SORET ~W+$RATION IN ZERO GRAVITY 
APPROVA &d TELEPHONE: *. RESPONSIBLE INDIVIDUPfi-! 

W. C. Snoddy, S&E-SSL-T B. Facemire,  ~&.E-:,?L-TR 205 453-3090 
*. ACCOMPLISHMENTS WII~G~M, %&ems. Near term activities): 

Contract Number: !4&$-29609 
Contractor: Lockhwq/Huntsville and In- Hous e 

OBJECTIVE(S): (1) hvrvey l i terature for  important parameters in Soret separations 
(a paper W i l l  be publikhed). (2) Determine whether Soret separation is  influenced 
by the space envirr)ruilent. (3) Determine whether this process wi l l  be significantly 
improved in the space environment, 

MSFC-Form360 ( ~ c h 1 B ? d )  
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FWP,ECAST: During the next reporting period plans include: (1) Complete l i terature 

fur analyz jng effectiveDesS of separations. 

rzc 

(2) DeterminP, materials for  h i t id  investigations. 

( 5 )  Development of models (analyticai) of convective patterns in Soret 

(3) Determine methods 
(4) Install Soret equipment and initiate 

$sting. 
r,metry and methods: of experimentally determining flow and effects on separation. 
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CIEAITER: 2. PERIOD COVERED: 3. CODE 

MSFC 01 10 73 31 03 74 179-15-12-02 

RESEARCH AND TECHNOLOGY OPERATING PLAN 

PRIOR NO.: CURRENT NO.: 

. .  F 7lStE: 

&$fusion Analysis in Low Gravity 
_. 
I *EYr)NSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

:AJ GS 
t;. F, Schafer, S&E-SSL-TR '205-453-3090 W. C. Snoddy 

b t r a c  t: NAS8 - 3 02 52 

7 ACCOMPLISHMENTS (Milestones, Problems. Near term actlvltles): 

bn t rac to r :  Howard University 
Washington, D. C. 

principal Investigator: Dr. Anthony 0. Ukanwa 

GZJECTIVE: To determine the degree to which processes associateG with a low 
#tavity environment can be purely diffusion controlled. 

APPROACH: Tabulate important parameters affecting mass  transport  i n  liquid 
thetals which are candidates for low gravity processing applications. 
heasurements will be made on liquid gallium and liquid indium to deterrrrine mass 
Giffusion coefficients. 

Additionally, 

YI'ATUS: Contract w a s  effective on 12/1/73. 
fiterature search for data on thermal  and electrical  properties of liquid metals. 

Work to date has centered on the 

f t j  the cases where multiple data points exist for a given property, the least  square 

kquipment and materials for the laboratory studies have been ordered. 

' 

Itlethod of data correlation is being used to determine a best recommended value. I 
- 
: &PORT NO.: TITLE: AUTHOR(s1: DATE 

TReNSMITTED 

, 
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FORECAST: The literature search phase of this effort will be completed by 
summer. 
of diffusion coefficients in the liquid gallium-liquid indium system will be made. 

By that time, the laboratory set-up wi l l  be complete, and measurements 

. 

t 

-e”....--- 

MSFC - Fom 350-1 (March 1973) 
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Space Processing Equipment Technology 
APPROVAL: ,. RESPONSIBLE INDIVtDUAL: TELEPHONE: 

~ o e s e ,  A. 205-453-1661 H. G. Wuenscher 
, JXCCOMPLISHMENTS (Wtestoner. Problems. Near term actlvltler): 

TASK: 
ws8-30289 Westinghouse Electric Corporation, Pittsburgh, PA 15235 

OBJECTIVE: The objective of this task i s  to redesign, fabricate, assemble and test a 
prototype model of the M518 Multipurpose Electric Furnace System, 

H518 Multipurpose Electric Furnace Modification (179-21-10-00) 

APPROACH: The contractor shall modify the thermal radiation shields and heater support 
tubes, modify the heater windings, develop 8 mechanism for increasing the passive cool- 
down rate, modify the controlled cool-down circuit, provide system protection and 
deliver the modified furnace and all associated hardware to MSFC. 

STATUS: - 
contractual scope of work for the modification and delivery of hardware. 

Technical Progress: Contractor is performing work in accordance with the 

Management Progress: 
for additional effort to incorporate certain design changes to the electric furnace. 

Contract NASO-30289 was arrsgnded on February 11, 1974 to add funds 

Conclusions: None 

Problems : None 

Forecast: 
1974. All documentation and Final Report - July 17, 1974, Delivery Schedule: Modified furnace and all associated hardware - April 17, 

_.- 

. REPORTNO.: TITLE: AUTHOR(r): DATE 
TRANSMITTED 

Eighth Monthly Progress Report, "Multipurpose Electric Furnace System", R. Mazelsky, 
C. S. Duncan, R. G. Seidensticker and R. A. Johnson, March 15, 1974. L 
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8.HESPONSlBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

205-453-2010 H. F. Wuenscher Aldrich, 1. 8. 

TASK: Space Processing Furnace System Davelo nt (179-21-10-01) 
NAS8-29769 ARTCOR, Imine, CA 92707 

5 .  ACCOMPLISHMENTS (MIIestones, Problems, Near term activities): 

OBJECTIVE: The jor objecttve of this task is to develop furnace concepts, fabricate 
components and test furnace taode!ls for space processing facilities to be used on low-g 
testing facilities. 
strate a furnace capable of high temperature with an oxidizing atmosphere. 

The objectdve of the ftr8t contract will be to design and demon- 

APPRWW: 
heating elements for use in high temperature (2200OC) furnaces, design and fabricate a 
prototype furnace heating elenrent and control system and deldver the prototype system 
t o  WSFC for space simulation experiments in the drop tower facility. 

The contractor shall perform a study of electrically conducting ceramfc 

STATUS: Technical Progress: The contractor reports that '* Fabrication has been com- 
pleted on the'furnace structural coraponents. 
The preheater assembly is being started while the w i n  heater (conducting ceramic) is 
pending delivery of the needed oxide mtetials. A nodel furnace ele having an I . D .  
of 2.6cm and a length of 7cm has bean fabricated. The wadel furnace was operated with 
manual power controls in W0 d e s .  A survey to ideatfify furnace user requirements is 
continuing with the preparation of a standard questiomaire to relate user requirement8 
to the conducthig ceramic furnace concept nearing campletion. 

Ceramic insulator parts were machined. 

Hanagerascnt Progress: The contract was amended on January 3, 1974 to revise and increase 
the scope of work and to extend the period of performance to December 31, 1974, 

1. REPORT NO.: TITLE: AUTHORts): PATE 
TRANSMITTED 

Tenth Monthly Technical Letter Progress Report, LR 46-164-9, %igh Tempmature 
Electrically Conducting Ceramic Heating El nt and Control Qystem", C. R, Xalbach, for 
the month of February 1974. 
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Space ~ r o c r  w I M Furnace System Development TASK: 

Problems: None 

Po 
on 
A. 
I). 

C. 
D. 

E. 

F. 

G. 

#,&or was assigned the following progress schedule: (Hod 1 - signed 
jrr lmry 3, 1974) 
Vrrrnace User Requirements - Twelve (12) weeks from date of Hod 1. 

Irecast: n e  crttCt' 
and effective 
Survey t o  1der1t I J 

Perform Analye'' ''!~filn*half months from date of M o d .  1, 
through s i x  d ~ ' (  

Contract 

ninth month ' , ' $ i w C  Element Heater System - Tenth month through eleventh month 

Chemical Interactions of Materials - Including third month 
n,iglit months from date of Mod. 1. 
aiWicate Critical Components - From third month through the 

Study, Design *"" 'gl,e date of Mod. 1. 

Provide Axial b t  , 
from date O f  '''''" :i Axial Gradient Elements - Tenth and One Half month through 

twelfth m n t  
Performance 

Delivery of A x i d (  ' i '  

~ ~ ~ f l ~ '  dare of Mod. I .  
ctlient Element - Twelve months from date of Mod. 1. 

t 
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Space Processing Equipment Technology 
-- 

b. HCSPONSIBLE INDtVlDUALt TELEPXONEt APPROVAL; 

8 .  F. Wuenacher Aldrich, B, R. 201-453-5085 
,. ACCQMPLISHMENTS (Milestones. Problems. Near term actlvlttes): 

TAX: Furnace Systems for Use on Low '%" Test Facilities (179-21-10-03) 
In-Hous e 

OBJECTIVE: 
supporting space processing experiments of sufficient definition to be flown on the 
i n i t i a l  development flights in the research rocket programs and to be used i n  the Drop 
Tower tests. At the present time; the following furnace systems, from design through 
flight tests of prototype models, are to be developed: (1) Float Zone Stability experi- 
ment to obtain the zone shape at various rotation rates. (2) Glass processing furnace, 
(3) Xultipurpose furnace system deaigned to process samples of the widest possible range 
of materials and thermal requirements, 

This in-house effort will be utilized to develop furnace systems capable of 

APPROACH: 
survey will be made. 
early processing capabilities for the sounding rockts. These preliminary test furnaces 
will provide engineering and scientific data with which the instrumented rocket data can 
be correlated. Each selected furnace system will be designed, fabricated, tested, and 
made available for flight. 

STATUS: Technical Progress: 
Furnace System.and included (a) completion of design and detail drawings, (b) started 
fabrication of furnace parts for the prototype unit, and (c) continuation of furnace 
component testing. 
tinuing and some parts are now on order. 
elass Processing Furnace. 

In-House Interim Report, Project Nutnber 8652, "Multipurpose Furnace for Research 
Rocketsft, B. R. Aldrich, January 29, 1974. 

A laboratory study of different furnace concepts in conjunction with a user8 
From this study, furnace system will be developed to provide 

Most of the in-house effort was on the Multipurpose 

Design concept for the Float Zone Stability Experiment is con- 
Feasibility studies are being performed for 

'. REPORT NO.: TITLE: AUTHOR(r): DATE 
TRANSMITTED 

.r . .  

I 

a 
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TASK: Furnace Systems for Use on Low "G" T e s t  Facilities 

STATUS: (Continued) 

knagemnt Pfogrese: 

Conclusions: None 

FY-74 funds have been expended for this in-house program. 

Problem: 

Forecast: 

Hone 

This in-house effort fa expected to continue through EV-77 

f 

f 
! 
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TtTtE: 

Space Processing gquipment Technology . _ _  
RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

Berge, L. H. 205-453- 1661 8.  P. Wuenscher 

TASK: Free Suspension System for Space Manufacturing (179-22-10-01) 
W8-29680  General Electric Co., Space Sciences Laboratory, Philadelphia, PA 19101 

OIUECTXVE: The objective of this effort is to build and test free suspension facility 
to perform containerless processing in zero-g. 
in the material by high frequency fields emanating from multiple coils surroynding the 
material, 
levitation apparatus for space processing experiments. 

APPROACH: 
during this contract. This effort will be accomplished with the following tasks: 
(1) Define levitation system equipment and instrumentation required for space processing 
of materials and indicate which materials require melting/cooling, transferring, mixing 
and shaping and atber processing activities which an electromagnetic levitation system 
is associated. (2) Consolidate process variables and facility requirenaents for material 
classes to be processed by levitation systems. Material data will be related to process 
varfables effecting the selection of a configuration for further development. (3) Study 
levitation system elements individually and then combined into systems to select the 
recamended configurations. (4) Support lrISFC for a minimum of four free fall t e s t s  of 
the six coil positioning system. 
modifications made to eliminate "Cross Talk" between coils. 

ACCOMPLISHMENTS (MlleStoneS. Problems, Near term aCtlvitlW): 

Heating and positioning will be induced 

This is part of the total effort of a program to obtain an electromagnetic 

The contractor will combine data from past contracts with data produced 

These tests will also verify the performance of 

STATUS: 
of work. 

Technical Progress: Contractor is performing work in accordance with the scope 
The effort contained in the first part of the contract for "Electromagnetic 

DAY€ 
TRANSMITTED 

. REPORTNO.: TITLE: AUTWOR(r)r 

Final Report (Original Scope of Work), "Electromagnetic Containerless Pr-cessing 
Requirements and Reconmeaded Facility Concept and Capabilities for Space Lab", 
R. T. Frost, H. L. Bloom, L. J. Napaluch, E. H. Stockhoff and G. Wouch, 13 March 1974. 

MSFC-Form360 (MarchJ378) 
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Free Suspension System for Space Manufacturing 
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TASK: 

- STATUS: Technical Progress: (Continued) 

Levitation Systems" was completed and the final report submitted. 
on Tontactless Positioning Technology in Support of Space Processing Payload Systems". 

mnagement Progress: 

Work will continue 

Contract NAS8-29680 was amended and extended to July 2, 1974. 

Conclusions: 
of new phases and crystal structures through elimination of gravity and the influence 
of crucible walls. For many materials, application of positioning forces by means of 
electromagnetic fields in a Containerless Processing Facility is now feasible. 

Ground based studies and theory indfcate amy possibilities for formation 

Problems: None 

Forecast: Contractual work is scheduled to be completed by July 2, 1974. 

.- -- 
UBFC - Porn, 350-1 mmrch 4973) 
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, C F N T E R :  2. PERIOD COVERED: COOE 

MSFC 01 10 73 31 03 74 None 
PRIOR NO.: 

. TITLE: 

Containerless Processing System -- - . REsPONSISLE INDIVIDUAL: TELEPHONE: APPROVAL: 

8. F. Wuenscher 
PI 

Berge, L. H. 205-453-1661 
. ACCOMPLISHMENTS (Mllutonrs. Problems, Near tarm attlvitles): 

TASK: Contalnarlese Proceeaing System (179-22-10-01) 
Contract (To be established - DCN 1-4-65-48019) 
OBJECTIVE: 
8" effort to develop electromagnetic levitation apparatus which could be used a s  a 
Containerless Processing System for space processing experiments to be conducted by 
various investigators. 

The primary objective of this effort is to continue and finalize the "Phase 

APPROACH: 
engineering data generated under contracts NAS8-24683, NAS8-26157, NAS8-27228 and NAS8- 
29680. 
contained in the contract and will develop preliminary process hardware configuration 
rather than study of processing phenomenon or potential products. 

The F'Y-74 funding will be utilized for a contract to use and extend the ' 

The contractor will perform his work in accordance with the scope of work 

STATUS: 
Procurement Office, 

Technical Progress: The procurement action was written and forwarded to the 

Hanagement Progress: Funding has been approved for thts procurement action. 

Conclusions: Mope 

Problems : None 

Forecast: 
of contract. 

None E 

Contractual work is scheduled to be completed within eight months after award 

. REPORTNO.: TITLE: AUTHOR(%): DATE 
TRANSMITTED 
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Space Processing Equipment Technology 
-5 ,  RESPONSIBLE INDIVIDUAL: TELEPHONEx APPROVAL: 

H. P. Uuenscher Berge, L. H. 205-453-1661 T-- 
6. ACCOMPLISHMENTS (Mllertoner, Problams, Near term actlvltlerj: 

TASK: Acoustic Positioning System for Space Processing (179-22-20-02) 
W8-30471 Intersonics Corporation, Chicago, IL 60611 

OJUECTIVE: The objective of this effort is to provide hardware and data analyses for 
evaluation of a containerless processing facility during a research rocket flight 
scheduled during first quarter of 1975. 

APPROACH: 
Processing. Intersonics will build a containerless processing system, employing 
acoustic fields, to process samples of chalcogenide glass. They will furnish two flight 
units and provide launch support services. 

This contract will continue the past team of experts as consultants on glass 
' 

i TRANSMITTED 
k Xonthly Progress Report, "Acoustic Positioning for Space Processing Experiments", 

Dr. R. R. Whymark. L 

STATUS: Technical Progress: 
scope of work in the contract. 

Contractor is performing work in accordance with the 

Waagement Progress: Contract NAS8-30471 was awarded on November 20, 1973 for a seven 
month period of performance, 

Conclusions: None 

Problems : None 
I 

Forecast: Contractual work is scheduled to be completed by June 20, 1974. 
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PRIOR NO.: 
MSFC 01 10 73 31 03 74 975-90-95 

. TITLE: 

Solar Energy Concentrator System for Crystal Growth and Zone Refining in  Space 
TELEPHONE: APPROVAL: M,’.c . RESPONSlSLE INDIVIDUAL: 

R. C. Ruff 205-453-3090 W. C; Snoddy 
. ACCOMPLISHMENTS (Mllestonss. Problems. Near term dCtlVltleS): 

TASK: Solar Energy Concentrator System for Crystal Growth and Zone Refining 
in Space 
Contract NAS8-30268 Lockheed Missiles and Space Co., Huntsville 

OBJECTIVES: To define the requirements, benefits, and economics of a solar 
energy concentrator system, 
concentrator and crystal  grower zone refiner. 
specified, determine feasibility of incorporating facility into Spacelab. 

Develop a design for a n  integrated solar energy 
Wi th  the design requirements 

APPROACH: 

shall be defined. In particular, the contractor shall consider the benefits of 
-solar zone refining and crystal  growth in addition to the purification and melting 
of high temperature materials. The feasibility of applying direct solar  energy 
in space for performing such processes will be specified and recommendations 
made for further study of the most beneficial configuration. 

Task 1 Those particular features unique to solar  processing i n  space 

Task 2 Determine the furnace engineering requirements necessary for 
In pzrticular, the contractor shall consider but successful utilization in  space, 

not be limited to m i r r o r  deployment and materials, solar  tracking requirements, 
material outgassing and containment, specimen retrieval, and furnace operating 

. REPORTNO.: TITLE: AUTHOR($): DATE 
TRANSMITTED 

‘r 
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rocedure. System limitations will also be clearly defined. A parallel concept 
will be developed for  ground-based feasibility testing. 

Task 3 Material systems wil l  be reviewed, considering the unique 
features of solar  processing, and the proposed furnace configuration. 
include a discussion of proposed processing steps, difficultieq and benefits. 

This shall 

Recommendations shall be made of at least five materials whose 
processing is adaptable to, and benefitted by space manufacturing with solar energy 

Task 4 A detailed design shall be proposed for a space processing solar 
furnace and a n  experimental procedure outlined f o r  the processing of two of the 
materials chosen by the COR from Task 3.  
design shall be proposed for testing the concepts in a one-g environment. 

A parallel earth based prototype 

PROPOSED TASK: Make an  economic comparison of cost of solar concentrator 
facility to other heating and power systems such as combinations of R F  induction 
and resistance heating with fuel cell o r  solar cell power generators. 

PROPOSED TASK: Determine feasibility of incorporating a solar energy concen- 
trator facility into Spacelab. 

STATUS: A list of prime candidate materials for space processing, as recommen- 
ded in the literature, is being compiled. 
materials is being assembled. 
thermal analysis of the system. 
concentrator system is being formulated. 
follows. It will predict 
heat flux distributions from prescribed reflectors o r  define reflector contours 
that give prescribed heat flux distributions. 
radiance will be included. 
process sizes for specified materials. The model will  examine the uncertainties 
in  the ideal design conditions introduced by the following geometrical e r ro r s :  
(I) pointing of the optical axis toward the solar disk; ( 2 )  placement of the process 
material; and (3) optical imperfections in the reflector surfaces, 

I 

A list of the physical properties of these 
These properties will be needed for the detailed 

A detailed analytical model of the solar energy 
Salient components of the model a r e  a s  

The model will define and analyze reflector contours. 

A solar dish model of non-uniform 
The model will attempt to predict procegs rates and 



\ 
4 14 

I , .  
~ 

. .  PROGRESS REPORT 

1 OF 2 RESEARCH AND TECHNOLOGY OPERATING PLAN 
PA& 

CENTER: I 2. PERIOD COVERED: 13. CODE 

MSFC 
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TITLE: 

- 
PRIOR NO.: CURRENT NO.: 

179-24-30-0 1 I 01 10 73  31 03 74 1 
CRYSTAL GROWTH TECHNIQUES I N  ZERO GRAVITY 

RESPCJNSIBLE INDIVIDUAL: TELEPHONE: 

W. C. Snoddy, S&E-SSL-T M, Davidson, S&E-SSL-TR 45 3-3090 
~ccoMPLISWMENTS (Milestones, Problems. Near term activltles): 

Contract No.: N o t  s e l ec t ed  
Con t rac  t o r  : Not: se lec ted  

OBJECTIVE(S): 
and temperature sensing which do not involve contact with the  m e l t ,  and t o  e s t a b l i s h  
the f e a s i b i l i t y  of such techniques f o r  space processing. 

The ob jec t ive  of t h i s  t a sk  i s  t o  obtain methods of process hea t ing  

APPRoACN: Analyze and tes t  hea t ing  and temperature sensing methods not involving 
contact with the melt. Develop designs for working systems which a r e  appl icable  
t o  space processing appl ica t ions .  

STATUS: Funds not  y e t  ava i lab le .  

FORECAST: Release RFQ when funds become ava i lab le .  

TITLE: - AUTHOR(5): DATE 
TRANSMITTED . REPORTNO.: 

L None 
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MSFC 

ACOUSTIC MIXING FOR SPACE PROCESSED MATER 

L. L, Lacy, S&E-SSL- 

Ofi.JECTIVE(S) : 
rnizrng of small p a r t i c l e s  i n  a molten metal using acoust ic  processing i n  space. 
This research w i l l  determine the bes t  acous t ic  technique for the  production of 

To determine the optimum conditions f o r  achieving a dispers ion o r  

, 
I 

composite cas t ings  i n  the Shu t t l e  Space Laboratory. I 
, 

APPROACH: The influence of various acous t ic  and l i qu id  parameters on acoust ic  mixing 
w i l l  be determined by laboratory simulation of space processing conditions.  Several 
techniques w i l l  be  lhnvestigated i n  order t o  def ine the necessary design parameters for 
acous i ic  mixing motors and chambers t o  be used f o r  the production of composite cas t ings  
in  space. 
, v i s c o s i t i e s  along with p a r t i c l e s  of d i f f e r e n t  dens i t i e s  and diameters. 
dispers ion obtained w i l l  be determined i n  r e a l  time by o p t i c a l  and acous t ic  means. 

STATUS: Although t h i s  program was only anproved i n  September, a grea t  deal  of work 
has been accomplished. For example, a novel technique of counting p a r t i c l e s  suspended 
i n  a f h i d  by using acoust ics  was developed,and a government patent  has been applied 
for .  This new technique w i l l  not  only be valuable to space processing but a l s o  to  
such f i e l d s  aspollutionmeasurements i n  water and cavi ta t ion  de tec t ion  i n  l i qu id  
rocket fue ls .  A NASA Technical Report is  i n  the preparation s tage.  

Molten metals w i l l  be simulated by using l i qu ids  of various d e n s i t i e s  and 
The amount of 

, REPORTNO.: TITLE: AUTHOR{,): DATE 
TRANSM iTTED 

% 

NASA Technical Report is being prepared. 



PRIOR NO.: 

97 5- 90-9 5-3 3 

Ground Based Space Processing Tests 

APPROVAL: 

205-453-2013 
. RESPONSIBLE INDIVIDUAL: 

Yost, v. H. 

TASK: Drop Tower Program Support (179-31-99-01) 
. ACCOMPLISHMENTS (Mllostoner. Problems, Near term activities): 

In-House 

OBJECTIVE: 
necessary equipment and facilities to provide short periods of near zero-g environment 
for space processing experiments and to continue the design, development, tes t  and 
evaluation of sys t ems  for processing materials and detecting and measuring experiment 
parameters. * 

The primary objective of this in-house effort is to maintain and improve 

- 

APPROACH: 
menters with a readily available low cost means of testing and evaluating experiments 
and to provide universal packages to experiments which can be used in either the drop 
tower or KC-135 tests. 

In-house w a k  and supporting contracts will be utilized to provide experi- 

STATUS: 
completed: . 

Technical Progress: During this  reporting period the following work was 

A 3000 psig air manifold, reported a s  a problem last  period, was manufactured, installed 
and checked out  in  January 1974. The principal cause of the  delay was obtained AIS1 
304 material. Most of the fittings had to be machined from bar stock to avoid 180 day 
delivery periods. 

TITLEr AUTHOR(s): DATE 
TR ANSM I TT E 0 

. REPORTNO.: 

k N o  formal report issued during this reporting period, 

- -  MSFC- Form S I 0  tWch 1 9 7 8 )  
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PASK: Drop Tower Program Support 

$TAT US: Technica 1 Progre s s : (Continued) 

I f  the 143 drops scheduled for CY 1974 32 were made. Four of these had to be run over 
Iecause the near zero-g t i m e s  were inadequate. Two one-g tests were also conducted. 
Che 28 good drops were distributed as follows: Cloud Physics -- 17 drops; Immiscible 
vlaterials (TRW, NAS8-28267) -- 7 drops and 1 one-g test, Finary Alloy Exhibiting 
mmiscibility (WSU, NAS8-29725) -- 1 drop and 1 one-g, and M e t a l  Drop Solidification 
:Grumman NAS8-28604) -- 3 drops. 

vlanagement Progress: FY-74 funding has been approved for this task. 

>onclusions: This task is providing experimenters with a readily available low cost 
neans of testing and evaluating their Space Processing experiments. 

3oblems: The Drop Tower is located in  the Saturn V Dynamic Test Stand at MSFC. In 
'anuary 1975 modifications of this stand for Shuttle Dynamic Testing is scheduled to 
legin. This will take one to two years to complete. During m o s t  of this period MSFC 
Drop Tower will be out of operation. An effort is being made to get the Drop Tower 
*elocated in the Stand first so we can conduct drops while the remainder of the Stand 
.s being completed. We are also investigating the possibility of conducting drops a t  
:he Lewis Research Center during this period. They can doabout 20 drops a year in 
iddition to what they had planned for their own work. 

' 

Forecast: Drop tower tests and KC-135 flights are planned and scheduled at least 90 
jays in  advance. This in-house effort is scheduled to continue through FY-77. 

XSPC - Form 350-1 (March 1973) 
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Space Processing Flight Systems 

Yost, v. H. 

i 
OBJECTIVE: The objective of this effort is to provide a rocket payload non-spin system 1 
which will have a platform to mount Space Processing experiments on it and will produce 1 
near zero-g in the roll planes by greatly reducing radial acceleration on the payload I 
produced by the spin stabilization of the rocket. i 

I 

APPROACH: 
developing the scope of work for a contract to fabricate and deliver two Non-Spin 
Platforms for Research Rockets, After the platforms are received, tested and evaluated, 
a procureuent action will be initiated for Rocket Payload Noa-Spin Systems. 

The data obtained from in-house studies and fnvestigations were utilized in 

STATUS: During this reporting period, a scope of work and procure- 
ment action was prepared and a contract was obtained for the "Design, develop, fabri- 
cate, test, evaluate and deliver two (2) each non-spin platforms for research rockets*'. 
A technical review meeting was held with the contractor on March 18, 1974. 

Tekhnieal Progress: 

Management Progress: Contract NAS8-30528 was awarded on March 15, 1974 for six months. 

Conclusions: None 

Problems : None 

Forecast: Contract completion September 15, 1974. In-house work through FT-76. 
. REPORTNO.: TITLE: AUTHOR(r): OAT€ 

TRANSMITTED 

None "* 
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CENT E R : 2. PERIOD COVERED CODE 

PRIOR NO.: 

645-40-05 MS FC 01 10 7 3  31 0374 
TITLE: 

Zero-G Cloud Physics Experiments 

~~ESIJONSIBLE INDIVIDUALI TELEPHONE: 

S & E-AERO-Y 
dill iam W. Vaughan 205/453-3106 

w: Zero-G Cloud Physics Expergments 
Zontract N o .  NAS8-30247 University of Alabama - Huntsvi l le ,  Alabama 

NAS8-30272 McDonnell Douglas - Huntington Beach, Cal i forn ia  
iazg-z;5& A m r 2  can 1. B t es23bgica l  Socle:;:, L:~:'C,3n, 1 A 

ACCOMPLISHMENTS (F4slertoner. Problerbs, Near term actlvltler): 

3BJECTIVE(S): The Zero-G Cloud Physics Program object ive is t o  s ign i f i can t ly  increase  
the level of atmospheric cloud microphysical processes. This w i l l  be accomplished by: 
(1) complement and supplement terrestrial cloud physics research,  (2) provide scien- 
t i f i c  community with general  purpose o r b i t a l  laboratory,  (3) laboratory capab i l i t y  t o  
sncompass l a rges t  f e a s i b l e  range of research and benef ic ia l  appl ica t ions  experimenta- 
t ion,  ( 4 )  es t ab l i sh  experiment program accommodation, (5) formulate and i m p l e m e n t  
z f f i c i en t  and e f f e c t i v e  method f o r  s c i e n t i f i c  community pa r t i c ipa t ion ,  and (6) imple- 
nent cos t  laboratory by cont inual  assessment of usage value. 

APPROACH: 
3f t he  preliminary multi-experiment laboratory concept(s) and approaches developed 
a s  a result: of the  s c i e n t i f i c  experiment f e a s i b i l i t y  ac t iv i ty .  
approach w i l l  include se lec ted  de ta i l ed  ana lys i s  and lim3ted subcomponent breadboard 
and t e s t i n g  necessary t o  assess and def ine  an acceptable zero-gravity cloud physics 
experiment f a c i l i t y  and r e l a t ed  carrier in t e r f ace  plus operat ional .concepts .  

STATUS: 
accomplished : 

This repor t  w a s  d i s t r ibu ted  as a NASA CR repor t .  

The experiment de f in i t i on  e f f o r t  w i l l  include engineering d e f i n i t i o n  s t u d i e s  

Furthermore, t h e  

Technical Progress--During t h i s  report ing period the following milestones w e r e  

(1) Summary report  covering work period between Apri l  1973 and August 1973. 

(2) Programmatic d a t a  on laboratory cos t s ,  schedules, and o ther  estimates 
TRANSMITTED 

1 

DATE r. REPORT NO.: TITLE: AUTHOR@): 

NASA CR 129013 Zero -G Cloud Physics Laboratory- L. R. Eaton, Sgpt. 1973 
Experiment Program Def in i t ion  and R. V. Greco 
Preliminary Laboratory Concept McDonnell Douglas 
Stud ies Astronautics Co. 

FIRST BENEFITTING PROJECT: S h u t t l e  Spacelab 
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TATUS (CONCLUDED): r e l a t i v e  t o  1981 f l i g h t s  were completed and sen t  t o  OA, NASA 
eadquarters,  (3)  cont rac t  negotiated now i n  process f o r  FY-74 e f f o r t  relative t o  
ndepth laboratory concept and subsystem d e f i n i t i o n  (Phase A e f f o r t ) .  
overs: 1. Experiment Laboratory Technology Development Task, 2.  Experiment Labora- 
ory Subsystem Defini t ion Task, 3 .  Experiment Fac i l ty  Subsystem Requirements Task, . Cloud.Chamber Subsystem Evaluation Task, 5. Ancillary Subsystems Evaluation Task, . Experimental Laboratory Defini t ion Trade-off Task, 7.  Data Management, and . Cost, Schedules, and SRT Requirements f o r  Laboratory. Program development plan 
as been rewr i t ten  t o  reflect  latest programmatic information. Work has  continued 
R the.proposed carry-on experiment, t he  N a C l  Break-Up proposed f o r  t h e  ASTP f l i g h t .  
lthough not se lec ted  f o r  t h e  ASTP f l i g h t ,  prototype hardware w a s  f ab r i ca t ed  and 
ested.  Some s i m p l e  cloud physics demonstration experiments were performed by Skylab 
rews 2,  3 ,  and 4 .  Inhouse work on small cloud chamber has been accomplished using 
he CVT (Concept Ver i f ica t ion  T e s t )  f a c i l i t y  a t  MSFC t o  acquire  engineering i n t e r f a c e  
ata appl icable  t o  fu tu re  laboratory development e f f o r t s .  
anagement Progress--Briefings were given t o  MSFC personnel i n  March. This b r i e f i n g  
overed a review of t h e  past  e f f o r t s  covering revised laboratory d e f i n i t i o n  and chamber 
oncept, experiment classes, laboratory concept f ea tu re s ,  and c r i t i ca l  da t a  sampling 
equirements, funding estimates, e t c .  Relat ive t o  the  current  s tudy a c t i v i t y ,  MSFC 
anagement has es tabl ished a s,tudy team f o r  management and review of t h e  cont rac t  
f f o r t s  i n  t h i s  new phase of Cffor t .  Increased inhouse manpower has been authorized 
o r  more indepth penetrat ion i n t o  the  cont rac tor ' s  e f f o r t s .  Astronautics Laboratory 
.ill have the  engineering r e spons ib i l i t y  i n  t h e  forthcoming cont rac t  while Aero- 
strodynamics w i l l  maintain o v e r a l l  management, as w e l l  as science r e spons ib i l i t y .  A 
epara te  contract  has now been establ ished t o  support t h e  Senior Science Act iv i ty  and 
t is planned t o  increase  the  number of members and/or u se  o ther  consul tants  t o  
rovide a more c r i t i ca l  view of the ove ra l l  Cloud Physics Program and a more indepen- 
en t  assessment on the  cont rac tors  e f f o r t .  
'orecast:  The Zero-G Cloud Physics Program is proceeding as scheduled toward the  
rojected f l i g h t  schedule of experimental hardware and experiments f o r  the 1981 Shu t t l e  
l i g h t  schedule. As new experiments are iden t i f i ed  they w i l l  be added t o  the  experi- 
lent class l ist  and trade-off s tud ie s  w i l l  be performed t o  e s t ab l i sh  how they could 
e incorporated i n t o  the present  laboratory design o r  i n  revised laboratory designs 
o r  fu tu re  f l i g h t s .  Simple carry-on experiments w i l l  continue t o  be s tudied  and 
den t i f i ed  f o r  development. These experiments could provide engineering da ta  and 
ould take  advantage of any f l i g h t  oppor tuni t ies  p r io r  t o  t h a t  main Shu t t l e  f l i g h t .  
, program development plan w i i l  be submitted t o  OA, NASA Headquarters, Yn Apri l  1974 
o t h a t  necessary ac t ions  can be taken a t  the  OA, Headquarters l e v e l  t o  e s t ab l i sh  
iuthority f o r  t h e  FY-75 Phase B e f f o r t  and the FY-76/77 Phase C/D e f f o r t .  

The scope 
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f .  TITLE: I 

Pfi ;. AEsPoNSIBLE INDIVIDUAL: TELEPHONE: 

SGE-AERO-GA 
3. R, Duncan, Jr. 205-453 -0442 James C ,  B l a i r  

- TASK: 

6 ACCOMPLISHMENTS (Mllsrtone~, Pro~loms. Near term actlvltiu): 

Tarmlnet Gufdance and Navigation f o r  Comet and Asteroid Rendezvous 
MS8-30248, Auburn Universi ty 

Engtneering and Experiment Stat ion 
. Auburn, Alabama 36830 

OBJECTIVE(S): 
rendezvous w i th  comets and asteroids w i l l  be developed. These algorithms w i l l  be 
applicable t o  any mission; however, detai led analysis w i l l  be made only f o r  missions 
t o  comet Encke i n  the l a t e  1970fs and ear ly  1980's. Addi t ional ly,  instrument types 
and accuracies necessary t o  obtain varying levels o f  rendezvous precision and on-board 
computer requirements necessary t o  implement the developed guidance and navigation 
scheme w i l l  be ident i f ied.  

Algorithms f o r  an on-board guidance and navigation scheme f o r  

APPROACH: Various separate tasks w i l l  be undertaken i n  order t o  meet the objectives 
out l ined above. A study w i l l  be conducted o f  the accuracy o f  state determination and 
rendezvous attainment employing on-board, r e l a t i v e  measurements, The pract ica l  
r e s t r i c t i o n  that  thrust  be constrained a t  a constant level and d i rec t ion  over cer ta in  
intervals will be s a t i s f i e d  by matching a s t a i r  step approximation t o  the continuously 
varying thrust  o f  the theoret ical  guidance algorithm. Thrust e r ro r  management w i l l  be 
investigated. The problem o f  avoiding unattainable thrust  levels near the rendezvous 1 

! b o i n t  w i l l  be examined. A study o f  overal l  system performance w i l l  be conducted. A 
"survey of possible instrument and computer types w i l l  be made, and on-board guidance 
and navigation schemes w i l l  be developed, tested and delivered. 

h 

'IRST BENEFITTING' PROJECT: SEPS 

. . . . . 
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STATUS: Technical Proqress: 
radar equipment characteristics has been prepared, 
guidance algorithm has been started, 
possible improvement o f  the algorithm by modification to include linear sun terms 
and also the incorporation of thrust level constraints. 

A description of work- required to determine on-board 
New analytical work on the 

This investigation will include initially the 

Manasement Prowess: This contractual effort was initiated on December 16, 1973. 

Conclusions: None 

Problems: None 

Causes o f  Problems: None 

Suqqested Solutions: None 

Forecast: The objectives outlined above will be reached on schedule. 

I -I 
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PROGRESS REPORT I 
PAGE 1 OF 

RESEARCH AND TECHNOLOGY OPERATING PLAN 

, CENTER: 2. PERIOD COVERED: 3. CODE 

vlSFC 01 10 73 31 03 74 180- 17- 5 0 180-17-50 
. TITLE: 

CURRENT NO.: PRIOR NO.: 
. -  

;ystem Performance & Technology Assessment for Unmanned Missions 

. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

;&E-AERO-MFT 
Zerald Wittenstein 205-453-0359 J. P. Lindberg 

bGK:  System Performance and Technology Assessment for Unmanned Missions 
zontract Number: NAS8- 2649 1 

ACCOMPLISHMENTS (Milestones, Problems, Near term activities): - 
Battelle Memorial Institute 
505 King Avenue 
Columbus, OH 43201 

>BJECTNES: Our pr imary objectives for the year were  to identify and assess future 
)erformance requirements for OSS launch vehicles and also for astrionics/avionics 
systems. One other objective was to obtain copies of the already developed programs 
'or use inhouse. 
4PPROACH OSS-SV will establish the priority of mission - launch vehicle combina- 
:ions. Based on these priorities, tasks will be defined by the COR and issued to the COI 

:ractor who performs the assessments.  The resulting data will be reviewed by MSFC 
specialists and the data, including specialists' comments, submitted to OSS-SV for 
:heir use. 
STATUS: 
1. 
>lished, and we presently have this capability inhouse. 
generate L/V trajectory and dispersion analysis in extremely rapid fashion, using the 
soncept of linear propagation of errors .  
?. 
t study was initiated and completed which defined what orbital constraints would occur 
:or a SATS size  payload flying on a Scout vehicle. 

The conversion and operation of these computer programs (EOMP-I and 11) was accc 
These programs basically 

Due to the potential (ear l ier  in the year) of having to look at a SATS class  of missio: 

The results were  published in  
I. REPORT NO.: TITLE: AUTHOR(s): DATE 

VSPR-IM-73- 1 Matrix Routines Used in  EOMP Fred  Rea '"T'-"2biB 
VSPR-IM-73-2 EOMP TBHS Prog 
VSPR-IM-73-3 - - 
VSPR-IM-73-4 - - 
VSPR-IM-73-5 Ann. of a Number of Pot ' l  Scout 

YSPR-IM-73-6 Scout Vel. Vernier System 
VSPR-IM-73-7 
VSPR-IM-73-8 E r r o r  Anal. of Lageos Mission 
VSPR-IM-73-9 Payload Weight to Perigee 

VSPR-IM-73 

VSPRE-MM-73-6ARMMS Phase Review Meeting 

VSPRE-MM-73-7 Recent VSPRE Meetings (Interim 

- 

Missions (SATS) 

Rate Generation for EOMP Traj. 

Sensitivity to Scout D 
Third Interim Scientific Report on 
Vehicle System Eval. Requirement 

Report 

Review) 

Fred  Rea 

F red  Rea 

Fred Rea 
Fred  Rea 
Fred Rea 
Fred  Rea 

Fred Rea 

J. D. Allen 

F. G. Rea 

&l- 29 - 7 3 

6-5-73 

6-6-73 
6-6-73 
6-8-73 
6-20-73 

10- 1973 

12/ 11/73 

12- 13-73 
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1 - 9 .  /fglrr 6 .  (cont'd): 
'/%PR-IM-73-5, on June 5, 1973, Briefly circular orbits up to 200 n. mi. through 80" - 

itlkhation were  available on Scout and through 100" of inclination for approximately 
' '~&ular  orbits less than 250 n. rni. 
f l t f i  the Delta guidance e r ro r s  was made concerning the Lageos Mission. These data 
,f'hre published on June 18, 1973, and were used to identify some problem a r e a s  in  the 
"ff'bital sensitivity for this mission. 
hrtors  less than .01, 99.7% of the time. 
4 6  

jfflprovement for the Scout in  the form of a velocity vernier system in order to cut off 

@tiHFect to other low cost, systems which could be added to the velocity vernier system 

A computer system which allocates hardware as a function of task priority, and 

Another analysis concerning the Delta L/V assess -  

E Major result was that the Delta could a s su re  

Investigation concerning the improvement of overall mission reliability and orbital 
Whievement accuracy was made on the Scout Vehicle. This study resulted in  a potenti 

. 

Scout more  closely to the desired velocity. This study is still continuing with 

rllrther improve the mission attainment reliability for Scout. 1 
vailable resources and computes the overall probability of mission success, task 
'ttkpletion and final probability of each module was built (Feb 1974). 

H ARMM (Automatically Reconfigurable Modular Multiprocessor System). 
f Uuch systems will be made as required. 

I 

The purpose of 
system is to design o r  analyze a mission using an  onboard computer system such 

Evaluation 

4 t  

F'(l\\rth stage. 
Redshift studies were  performed analyzing spin coning and spin damping of  a Scout 

An investigation of the mission planning and reliability assessments required for 
A report  documenting these data is due this quarter. 

r'th observations experiments has begun, with a l i terature search initiated and an  
h Y1.h observations injection accuracy orbital program written. This effort i o  continuing 

k ~ 3  expected to provide a ser ies  of Mission Requirements Models,and an  analysis of 
\\ilmanned, small L/V missions for L/V/payload matching and the corresponding 

t ' \ '  injection accuracies required to satisfy mission objectives. 

&hagement Progress  --- The FY-74 purchase requirement is'being developed. 
'Wltusions --- Studies a r e  being carried out a s  planned. 
f'tjblerns --- None 
\\se of ProMems --- Not Applicable 
%#es ted Solutions -- - Not Applicable 
t'f'ecast --- With inputs f rom NASA Headquarters to define missions and launch vehicle 
'Wigurations, efforts will proceed a s  planned. 

'Ai 7. (cont'd): 

't 

a'\XE-IM-73- 10 Introduction to ARMMS Concepts J. D. Allen 12-14-73 
ht't=VSPRE- TC- Lageos Mission Design Consideration$. D. Allen 1- 18-74 

t4- 1 
\'RE-IL-74- 1 Letter (Bi-Monthly Report) F. A. Rea 2-25-74 

S'IRST BENEFITING PROJECT: SPACE SHUTTLE UTILIZATION AND SPACELAB 
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System and Trajectory Analysis 
i. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

J, Bo Parker - %E-ASTR-GDA 453-4276 Ro He Tut t  
i. ACCOMPLISHMENTS (Milestones, Problems, Near term activities): - TASK: 
NG8-27296 The University of Tennessee 

Inves t iga t ion  of Strapdown Sensor Rebalance Loops and System Redundancy Concepts 

OBJECTIVES : 
(I) To develop a high r e l i a b i l i t y  strapdown navigation platform using two-degrec - - 

of-freedom sensors and redundancy concept. 

scopes . 
APPROACH: 

I n  a previous study, a technique has  been proposed t o  use the  concept of 
sensor redundancy t o  improve the  r e l i a b i l i t y  of a strapdown platform employing two- 
degree-of-freedom (TDF) sensors. Three important p a r t s  involved i n  the  development 
of the sensor w e  the  optimum configurat ion f o r  sensor arrangement, da t a  reduction, 
and the  sensor performance management method. I n  the  previous study, it i s  assmned 
t h a t  when a TDF sensor f a i l s ,  measurement from both of i t s  output axes are erroneous. 
The v a l i d i t y  of this assumption i s  debatable. 

assumption t h a t  each ax i s  of a TDF sensor can f a i l  without a f f ec t ing  the  o ther  axis. 
Although the  bas ic  concepts used i n  t h i s  development a re  s i m i l a r  t o  the aforementioned 
development, the d e t a i l s  a r e  d i f fe ren t .  
i s  studied, the  optimum redundancy configuration i s  developed, associated measurement 

(2) To develop a width-modulated rebalance e lec t ronics  loop f o r  strapdown gyro- 

-7- 

(1) 

This study proposes a so lu t ion  t o  the  same problem, but  developed under the  

System r e l i a b i l i t y  based on present  assumption 

(SEE ATTACHED SHEET) 
1. REPORT NO.: TITLE: AUTHOR(s): DATE 

TRANSMITTED 

5-27 "Invest igat ion of T i m e  Sharing of Hung, 3 4 5 - 7 4  
Rebalance Electronics  f o r  Sensors Coffman 
i n  Strapdown Navigation Platforms" 

i 

FIRST BENEFITTING PROJECT: Large Space.Telescope 
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!quations a r e  given, da ta  reduction methods are presented and discussed, and one 
ancept of sensor performance management i s  presented. 

(2) A new width-modulated pulse  rebalance e l ec t ron ic s  loop w a s  developed for  use 
dith strapdown gyroscopes. 
based on the study repor ted  l a s t  year i n  which a width-modulated and a te rnary  loop were 
:outpared, and a l so  on addi t iona l  r e s u l t s  obtained i n  the  f i r s t  phase of t he  work 
:eported here. 
.oop which s t rongly influenced our decision a r e  the following: (1) the H-switch is 
kasier t o  implement, (2) torque i s  applied i n  f ine ly  quantized increments. (3) the 
malog-to-digi ta l  conversion for  da ta  generation i s  ins ide  the  loop and i s  d i r e c t l y  
Letermined by the torque pulse,  (4) no p a r t  of the  loop compensation network bypasses 
&e gyroscope, and (5) t h e  torquer  i s  fed  constant power. 

The decision t o  develop a width-modulated binary loop was 

The s a l i e n t  advantages of t he  width-modulated binary over the  te rnary  

The b a s i c  design goals  fo r  t he  new rebalance loop were (1) v e r s a t i l i t y  f o r  
ic-dating a number of d i f f e r e n t  gyros with minimum change i n  loop parameters, (2)  
rixximization of required number of power supply voltages,  (3) a t  l e a s t  a factor-of-  
:WD 5ncrease i n  e r r o r  s igna l  sampling r a t e ,  (4) improved performance with spec ia l  
mphasis on reduction of unce r t a in t i e s  i n  data  output due t o  a l l  sources of noise,  
5 )  a wide range of ava i lab le  sca l e  fac tors ,  (6) reduction of system complexity f o r  
mproved r e l i a b i l i t y ,  and (7) amenability to microa i rcu i t  implementation. 

The design theory needed t o  synthesize the rebalance loop i s  developed, 
letdls of the  implementation of each p a r t  of the loop are discussed, and sme 
q e r i m e n t a l  evaluation of a breadboard of the  rebalance loop are reported. 

;TATUS: Technical Progress-- 

Inves t iga t ion  of the time sharing of e l ec t ron ic s  is complete. The r e s u l t s  
,f tlpfs e f f o r t  i nd ica t e  time sharing t o  be impractical  f o r  width-modulated pulse  
:ebalance electronics .  

Modeling of t he  TDF gyro i s  nearing completion. Ver i f ica t ion  of the 
miel and s t a b i l i z a t i o n  w i l l  not  be completed without addi t iona l  funding. 

t 
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3. CODE 
CURRENT NO,: PRIOR NO.: 

180- 17-52 

PROGRESS REPORT 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

. CENTER: 2. PERIOD COVERED: 

MSFC . 01 10 73 31 03 74 
. TITLE: 

System and Trajectory Analysis 

Bobby J. Gaines 
SbE- ASTR- GC 205- 453- 07 95 Richard H. T u t t  ., 

TASK: 
NAS 12- 2033 MIT Draper Labor a t  ory 
NAS8- 30255 MIT Draper Laboratory 

. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

IrCCOMPLISHMLNTS (Mllestonor, Problems. Near term actlvitlss): 

Experimental Studies  of Body-Mounted Gyroscope Design - 

OBJECTIVES: 
models fo r  strapdown sensors .  

To devise  and perform experiments t o  ve r i fy  a n a l y t i c a l l y  der ived e r r o r  

APPROACH: The program i n t e n t  i s  t o  conduct dynamic performance tests of strapdown 
gyros operating i n  a rebalanced mode. These tests include s ingle-axis ,  constant and 
o s c i l l a t o r y  and two-axis o s c i l l a t o r y  inputs .  

STATUS: 
completed. A f i n a l  r epor t  covering t h i s  contract  e f f o r t  is i n  publ ica t ion  a t  MIT. 
A new contrack, NAS8-30255, has been signed and will cover dynamic t e s t i n g  a 
pendulous accelerometer and a laser gyro. In te r fac ing  e l ec t ron ic s  and preliminary 
t e s t i n g  of the accelerometer i s  i n  process.  

Technical Progress - The tasks  defined i n  cont rac t  NAS12-2033 have been 

Management Progress - A Kearfot t  2401 pendulous accelerometer has been GFEd 
to MIT. 

CONCLUSIONS: The f i n a l  r epor t  w i l l  summarize s ta t ic  and dynamic tests of gyros 
with d i f f e r e n t  suspension systems and torque rebalance schemes. 

. REPORTNO.: TITLE: AUTWOR(s): DATE 
TRANSMITTED - NOTE: Monthly letter- type progress r epor t s  have been received during t h k  

FIRST BENEFITTING PROJECT: Non-Project Oriented 

MsPc- Form a so (March is? a ) 
. -- 

- 
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(Continuation Sheet) PAGE 2 OF 2 

FORECAST: Dynamic t e s t i n g  of the  pendulous accelerometer should be completed i n  four 
months. Testing of the laser gyro w i l l  commence a f t e r  de l ivery  t o  MSFC. Addit ional  
tests on tuned r o t o r  gyros with d i g i t a l  e l ec t ron ic s  a r e  being discussed.  

/ 
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CENTER: 2. PERIOD COVERED: 3. CODE 
CURRENT NO,: PRIOR NO.: 

MSFC 01 10 73 31 03 74 180- 17- 53 
TITLE: 

Dynamic T e s t  of I n e r t i a l  Sensors 

Bobby J Gaines 
SdE- P STR- GS 05-453-0795 Richard H. Tut t  - 

- TASK: 

RESPONSIBLE INDI VI  DUAL: APPROVAL: 

ACCOMPLlSHMENTS (Mlisstoner, Proolamr. Near term activities): 
Procurement and Evaluation of Advanced Gyroscopes f o r  Modular System 
NAS 12- 687 Hamilton Standard 

OBJECTIVES: The objec t ive  of t h i s  task  is the design, fabr ica t ion ,  and t e s t i n g  of 
gyroscopes s p e c i f i c a l l y  designed f o r  the  environment inherent  i n  strapdown systems. 

APPROACH: 
o ther  s tud ie s  def in ing  the  i n t e r - r e l a t i o n  between gyroscope design parameters, 
strapdown system environment, and system e r r o r s  have been used i n  the design and 
f ab r i ca t ion  and w i l l  be used i n  t e s t i n g  of gyroscopes f o r  strapdown appl ica t ion .  
The major phases of t h i s  work are:  (1) compiling ex i s t ing  s tud ie s  and i n i t i a t i n g  
s t u d i e s  where needed, (2) design and f ab r i ca t ion  of gyroscopes as a r e s u l t  of the  
s tud ies ,  (3) t e s t i n g  the  r e s u l t i n g  gyroscopes f o r  conformance t o  the design goals,  
and (4) based onthe r e s u l t s  of (3), the  gyro system w i l l  be re f ined  and/or the 
technology developed w i l l  be assessed and applied t o  s u i t a b l e  gyroscopes which have a 
production base 

The r e su l t s  of s tud ie s  funded by NASA/ERC under cont rac t  NAS12-508 and 

STATUS: 
with a prec is ion  ball bearing suspension system f o r  the f i n a l  gyro. In t eg ra t ion  of 
the  hybrid is  i n  process, however, c i r c u i t  component f a i l u r e s  continue t o  plague the 
system. The f i n a l  r epor t  rough d r a f t  has been completed and i s  cur ren t ly  i n  review. 

Technical Progress - The active magnetic suspension system has been replaced 

Management Progress: A no-cost extension to NAS12-687 has been granted. 

AUTHOR(s): DATE . REPORTNO.: TITLE: TRANSMITTED 

‘r 

r ’  

-----------------------------------------------------------------*--------------------- 

FIRST BENEFITTING PROJECT: Non-Projected Oriented 
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CURRENT NO.JCO0E: 

(Continuation Sheet) OF 2 
The b a l l  bearing output axis w i l l  not maintain output axis d e f i n i t i o n  CONCLUSIONS: 

to  t h e  accuracy of the design goals ;  however, tests on similar output axis suspension 
suggest t h a t  i t  w i l l  be adequate f o r  evaluation. 

PROBLEMS: 1. Ceramics - The problem area  w i l l  be addressed during gyro refinement.  

2. Elec t ronics  - The la rge  number of power suppl ies  cont r ibu te  t o  the 
t o t a l  noise i n  e l ec t ron ic s .  An e f f o r t  is being made t o  l i m i t  t he  noise .  

3, A severe problem involving in tegra t ion  of the hybrid e l ec t ron ic s  has 
surfaced and is being worked. 

CAUSE OF PROBLEMS: 1. Ceramics - This appears t o  be due t o  improper handling t h a t  
causes h a i r l i n e  fractures. DOD programs t h a t  u t i l i z e  ceramics suggest t h a t  proper 
care i n  handling w i l l  correct ceramics cracking. 

2. The gyro requi res  a la rge  number of d c  suppl ies  t o  operate .  
Ground loops occur and r equ i r e  care i n  test setup. 

3 .  The hybrid c i r c u i t  components appear t o  be aging and electr-cal 
connections are of poor qua l i t y .  

FORECAST: The f i n a l  r epor t  should be published during t h i s  r epor t  per iod.  The pulse  
torquing technology developed i n  t h i s  program has been appl ied to  an e f f o r t  a t  the  
University of Tennessee (funded under 180-17-52) and is being considered for 
a p p l k a t i o n  t o  tuned r o t o r  gyros. 

I -  . 

-- _LI 

MSFC 0 Form 350-1 (March 1973) 
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Dynamic Tests of I n e r t i a l  Sensors 
PONS1 B E ,lNOIVI DUAL: TELEPHONE: APPROVAL: & o t g  3. d- aines  

Sa-ASTR-GC 205-453- 0795 Richard H. Tut t  

Te ledyne Sys terns Corporation 

: The need exists fo? a low cost ,  r e l i ab le ,  normalized gyro for  strapdown 
launch vehic les .  New techniques i n  gyro suspension systems have reduced 

e cost of platform gyros and t h i s  technology has the po ten t i a l  f o r  reducing cos t ,  
reducing p a r t s  count, and increasing r e l i a b i l i t y  of a strapdown gyro. 

: 
i n  t h e  design of a s t r a p d m  gyro. 

The technology developed in the  dry gyro program f o r  platforms has been 
Two of these instruments have been procured 

be evaluated f o r  use i n  the launch environment. This eva lua t ion  w i l l  be 

ems would allow NASA t o  m e e t  t he  needs f o r  i n e r t i a l  reference sensors from a la rge  
uc t ion  base with po ten t i a l  f o r  reduced cos t .  Two more of these instruments will 

procured and character ized i n  an e f f o r t  t o  be t t e r  assess the  gyro a p p l i c a b i l i t y  
l o w  cost system. 

I 
th a n a l y t i c a l  and experimental. Qua l i f i ca t ion  of t h i s  type instrument f o r  strapdown 

I 

Both tuned r o t o r  gyros puchased from Teledpne have been t e s t ed .  One gyro 
n tes ted  a t  MIT (cont rac t  NAS12-2033) i n  a s t a t i c  and dynamic environment. 

amic t e s t i n g  has been l imited due to  the analogue rebalance loop readout l imi t a t ions .  
forts w i l l  be d i rec ted  toward def in ing  and demonstrating a d i g i t a l  rebalance loop 
ich w i l l  allow t h i s  dry gyro and other  dry gyros t o  operate i n  a dynamic environment. 

AUTHOR(s): DATE 
TITLE: TRANSMITTED 

t .  

OTE: Report covering s ta t ic  and dynamic t e s t i n g  a t  MIT is i n  publ icat ion.  
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RESEARCH AND 

: The l i m i t e d  testing accomplished to date indicate th i s  type gyro can 
l icable  to a low cost  per axis  system. The successful application of a 

: One (from a large production based) w i l l  be modified for launch vehicle 
environments. Dig i ta l  e lectronic loops w i l l  be interfaced with th i s  gyro and the I Te ledyne gyros . 

, 

-- 
MSFC * Form 350-1 (March 1973) .. 

.. . 
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Dynamic Tests  of I n e r t i a l  Sensors - I_- 

' i b f  FPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

K I  Kissel - S&E-ASTR-GDA - 453-4276 R e  He Tut t  
~/:(,C~~PJJSHMENTS (Mtlertoner, Problems, Near term acttvttlss): 

i'&;K: . .II 
'6512-678 

~ ~ J E C T I V E ( S ) :  
4ftapdown gyros and inves t iga te  the  v ibra t ion  e f f e c t s  on strapdown navigation accuracy. 

&PROACH: 
+ttapdown gyros i n  order  t o  develop e r ro r  models. 
'arms pecul ia r  t o  strapdown appl icat iono New procedures and methods f o r  evaluat ing 
%@se unique e r ro r  terms can then be developed and evaluated. 

ZkJ'US: - Technical Progress--Work has  resumed under the r ed i r ec t ed  e f fo r t .  The Teledyne 
d r y  gyro has been completely modeled and various analyses of output error have been made 
vslng several  values of  measurement and environmental noise. 

b.rque rebalance loops f o r  the Teledyne dry gyro using modern est imat ion and cont ro l  
th%ry. 

Strapdown G y r o  and Accelerometer Test  Methods 
The Analytic Sciences Corporation (TASC) 

To define and evaluate t e s t  methods and techniques fo r  evaluat ion of 

Take the fundamental l a w s  of physics and apply them to  d i f fe re i l t  types of 
Then .note espec ia l ly  those e r r o r  

Management Progress--Ef f o r t  has been red i rec ted  to  inves t iga t e  the design of 

Some e f f o r t  w i l l  be devoted to  assessing the f e a s i b i l i t y  of an a l l  d i g i t a l  con- 

Conclusions-None 
Problems--Not enough e f f o r t  w i l l  be ava i lab le  to  adequately study the a l l  

Forecast--Work on this cont rac t  i s  due t o  end on June 30, 1974, with publ icat ion 

Publications--None this per iod 
Remarks--None 

t h l  loop. 

d i & l t a l  loop. 

O f  the f i n a l  report .  

I 

I' TITLE: AUTHO R(S): TRANSMITTED DATE FrkPORT NO.: 

TBr 147-4 Strapdown Sensor Test 
Simulation and T e s t  Plan 
Reconanendations 

TRY t47-5 Dynamic Errors  i n  a Tuned 
F1 exur e-Moun te  d Strap down 
Gyro 

k 

Bard S. Crawford 1 June 72 

John E. Bortz, Sr. Sept. 72 . 
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MSFC 

(;UIDANCE COMPUTER TECHNOLOGY 
-- 

TELEPHONE: 'APPROVAL. $& L.' C. N. SwearingenYAA 
; IrtSPONSIBLE INDIVIDUAL: 

Y T .  J .  fs. White, S&E-ASTR-CA 453-4129 Chief, Computers Div. 
, A<:cOMPLISHMENTS (Milatones, Problems. Near term activities): 

TASK: Reconfigurable Modular Digital Computer Development, NAS8- 27926, 
Hughes Aircraft Co., and NAS8-26930, Auburn University 

OBJECTIVE: To develop a highly reliable modular computer system which is 
adaptive to various mission requirements. 
figuring itself into various modes of operation, including those which require auto- 
matic masking of e r r o r s  (such as  triple modular redundancy), of parallel processing 
€or extremely high computational requirements, and into a standby redundancy mode 
where failed modules a r e  isolated and automatically replaced with a working module. 
The various modes are compromises between system reliability and computational 
capacity. In the mode of automatically masking er rors ,  computational capacity is 
aacrificed for maximum system reliability. In the mode of parallel processing, a 
lesser reliability is accepted to obtain maximum computing capability. 
jcctive is to design the system logically and mechanically such that, for a particular 
mission, a system configuration can be provided that satisfies the requirements of 
that mission without undue penalty of hardware that is not needed. The system is to 
he known as an "Automatically Reconfigurable Modular System'' (ARMS). The 
reliability goal far the system is 0.99 for a five year mission, having at least  one 
processor functioning correctly a t  the end of that time. 
capability is several mildion operations per second. 

The system is to be capable of con- 

One ob- 

The goal for  computational 

- 
#. ~ ~ E P O R T  NO.: TITLE: AUTHOR(s): DATE 

TRANSMllTED 
FR 73-11-998, "Design of a Modular Digital R. A. Easton Dec. 21, 1973 

'Computer System, D R L  4 W. L. Martin L 

and 5, Final and Phase III W. G, Tees 
Report" D. W. Kuyper 

S. A. Simpson 
€3. Cohen Author( s) Cont'd: 
R. Radys J. H. Englemen 
J. L. Bricker T. T. Schansman 

K. H. Schonrock 

New Technology 
llcport Digital Computer 

"Design of a Modular 

System, DRL 7" Dee. 21, 1973 
I ' i r s t  benefitting project: Possible application on SEPS, U T ,  TUG, o r  other 
tctng life missions. 
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APPZOACH: Phase I, Preliminary Design - During this phase the system architecture 
was defined. Such i tems as how many processors will be in the system, how many 
SwitcSable modules there will be within each processor, what type of system controller 
there will be, and how all these various modules are to be interconnected was defined 
in this phase. Also, specific problem areas  were investigated in detail. This included 
err<), detection and correction (with special emphasis given to detecting intermittent 
f ; i i h J r 4 ? H ) ,  SyfJtem reconfiguration, the system controller, and the switches between 
r r , r , r f u f e s .  The Central Processor  Unit (CPU,) was defined as the Space Ultrareliable 
M d u l a r  Computer (SUMC) which was designed in-house at MSFC. This allows major 
emphasis to be placed on the system architecture and not have to spend time and money 
designing another CPU. During this phase the software requirements related to e r r o r  - 
detection, e r r o r  correction, reconfiguration, and system reinitialization were identi- 
fied. 
to various mission requirements were investigated. 

Phase LI, Breadboard Design and Fabrication - The system architecture as defined in 
Phase I is being implemented in  a breadboard model to enable the investigation of 
problems in both hardware and software. The technology utilized will be one which will 
permit  changes to be installed without undue expense o r  time delay. To conserve cost 
of the breadboard unit, the designs of the Central Processor  and input/output uajtrr wer 
furnished to the contractor to be modified as required to f i t  the system architecture. 
Software to exercise the system is being developed. 

PHASE III, Flight Prototype Design and Fabrication - The necessary design changes 
for both hardware and software resulting from Phase 11 will  be incorporated into the 
system. 
technology that would be utilized in the flight unit. 
verify the total system, including the fabrication technique of the technology chosen. 

STATUS: Technical Progress  - The Phase I effort has been completed and the final 
report has been delivered. 
Iz breadboard. 
CPU'e,  one Input/Cutput Processor  (IOP), four Memory Modules, four Memory to 
Proccssor  Busses, and four Processor  to Memory Busses. 
be four thousand words by thirty nine bits, including single e r r o r  correction, multiple 
e r r o r  detection coding. 
in simplex, duplex, and TMR modes. 
will be added later as  an option if required. 

Also, the mechanical requirements as they relate to making the system adaptable 

The flight prototype will be implemented with the total logic design and 
This system would be used to 

I 

Detailed design and fabrication is proceeding qp the Phase 
The breadboard shall consist of a Central Control Element (CGE), four 

Each Memory Module will 

The system will be capable of only single s t ream processing 
Multicomputing (multiple dedicated s t reams)  

Management Progress  - Contract NAS8-27926 with Hughes Aircraft has 3een extcerided 
for  one year with funding for design of the breadboard system and construction of \)tic 

copy of each of the module types (CPU, IOP, CCE, Memory). 
to purchase the additional required modules, integrate the system and generate +be 
software necessary to test the system. 

F Y  75 funds will 1 : ~  u s e d  
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. CURRENT NO./CODE: 

PROGRESS REPORT 180-17-54 
RESEARCH AND TECHNOLOGY OrERATlNG PLAN 

(Continuation Sheep) PAGE 3 OF 4 

CONCLUSIONS: The large memory required for executive software associated with 
multiprocessing coupled with cost and a lack of any defined requirements for multi- 
processing on candidate missions has led to the decision not to implement multipro- 
cessing in  the system. 
s t reams)  is being retained a s  an option and can be added to the breadboard with very 
little design effort o r  hardware impact if a requirement becomes defined, The 
breadboard will be known as the Automatically Reconfigurabfe Modular System (ARMS 

PROBLEMS: Problem areas  a r e  being investigated in  more  detail as they are identi- 
fied. 

Multicomputing capability (multiple dedicated processing 

None have yet been identified that indicate the approach is not feasible. 

/ 
i 
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1. CENTER: 2. PERIOD COVERED: 3. co DE 
OF 2 PAGE 1 RESEARCH AND TECHNOLOGY OPERATING PLAN 

PRIOR NO.: MSFC 01 10 73 31 03 74 
I 180- 17 -55 NA 

4. TITLE: 

Contamination Control i n  Hybrid Microelectronic Modules 

3. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

I__L S. V. -_-_ Caruso, S&E-ASTR-RMH 205 -453 - 1505 J. C. Taylor 
a,, At(.rJMPLlStWlENTS (Mllertones. Problems. Near tWm J C t l V l t k ) :  

TASK: Contamfnation and Process Control i n  Hybrid Microcircuit Modules 

OBJECTIVE: To develop, tes t  and evaluate  coat ing mater ia l s ,  processes,  and process 
controls for protec t ion  of hybrid microelectronic modules from contamination. 

APPRQACH: Perform inves t iga t ions  t o  select and test passivat ion coat ing mater ia l s  and 
processes for  appl ica t ions  i n  p a r t i c u l a t e  contamination cont ro l .  

Develop process cont ro ls  fo r  c r i t i ca l  operations t h a t  e f f e c t  the  r e l i a b i l i t y  of 
hybrid microcircui ts  as r e l a t ed  t o  contamination control .  

Continue in-house research t o  supplement cont rac t  e f f o r t s  i n  these areas. 
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PROGRESS RE 180 - 17 -55 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

(Continuation Sheer) PAGE 2 OF 2 

STATUS: Technical Progress: Two requests  f o r  proposals have been submitted f o r  t h i s  
task.  
microelectronic modules. The second is a study program t o  develop high r e l i a b i l i t y  
processes and aethods f o r  u l t r a son ic  bonding using small diameter aluminum w i r e .  
Proposals have been received for both reques ts  and are cu r ren t ly  being evaluated. 

One i s  a request t o  develop contamination cont ro ls  and processes for hybrid 

In-house A c t i v i t i e s :  Research s tud ie s  are being conducted in-house on 
contamination cont ro l  and  w i r e  bonding i n  order t o  supplement proposed c o n t r a c t  s tud ie s  

Management Progress: Contract proposals are being evaluated for  two research 
e f f o r t s .  It is an t i c ipa t ed  t h a t  con t r ac t s  w i l l  be awarded t h i s  month and work w i l l  
begin by Apr i l  I ,  1974. 

Conclusions : NA 

Forecast: The inves t iga t ions  being conducted under these  t a sks  w i l l  provide 
guidelines and procedures fo r  p ro tec t ion  of hybrid microc i rcu i t s  f o r  contamination. 
In  addi t ion ,  processes and procedures w i l l  be developed t o  provide more r e l i a b l e  
bonding techniques fo r  hybrid c i r c u i t s  used i n  NASA programs. 

c -  

MSFC - Fom 350-1 (March t973 )  
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, TITLE: 

Cost Compclter for SEPS 
, RESPONSIBLE INDIVIDUAL: TELEPHONE: 

H. Garrett 
5665 -ASTR- CP I 453-4070 I C. N. Swearingen 

, ACCOMPLISHMENTS (Mflatonrs, Ploblems, Near term activities): 

TASK TITLE: Low Cost Computer for SEPS. 

OBJECTIVE:- The Solar Electric Propulsion Stage (SEPS) application places very 
stringent requirements upon the onboard computer system. 
necessary to perform research and development in a number of important areas leading 
t o  a low cost highly reliable computer system for a SEPS type applications. Perfor- 
mance characteristics can be traded for cost and reliability to arrive at an accept- 
able configuration forSEPS with minimum payload penalties. 
existance of low budget projects such as SEPS that the onboard computer function be 
accomplished low cost. 

To meet the needs it is 

It is vital to the 

APPROACH - It is necessary however, to do additional development for a SEPS type 
application wherein high reliability over a significant time period is required. 
This will most likely necessitate the use of redundancy to achieve the reliability 
goals. Two specific areas will be addressed under this task as follows: (1) The 
configuration and definition of a low cost SEPS computer system. 

conjunction with ongoing research and development efforts. 
the ongoing effo*ts and duplication will be minimized. 
PROGRESS - Significant progress has been_made in defining and developing a c&puter 
system which can be configured to meet the performance objectives of SEPS within 
reasonable costs. The flexibility and adaptability inherent in the design permits 
its use to configure l o w  cost systems. A procurement request has been processed 

(2) The qualificat- 
ion of low cost  computer for SEPS type application. This will be performed in 

l 
SEPS will benefit from I 

t o  cover the expected FY 74 effort. 
AUTHOR(s): DATE . REPORTNO.: TITLE: TRbANSM ITTE D 

I 

. .  
. -  

First Benefiting Program: SEPS 
* '  

- 
MSFC - Form 8 5 0  (March 1 9 7 9  
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10 73 31 

I, 

’ 
:at ion of SEPS Control System 

‘-3l-E INOIVIOUAL: TELEPHONE: APPROVAL: 

8. $2 453-15 65 
‘ iiHMENTS (Mllestonss, Proalims. Nm! term activltler): 

/ .  Simulation of SEPS Control System . 
/ACTOR NO: Not Negotiated 

, 
J,f’’,,,TVE: Develop con t ro l  schemes, su i t ab le  f o r  the SEPS s tage ,  which provide 

* . ; e  a t t i t u d e  and t r a n s l a t i o n a l  con t ro l  using low-thrust-level RCS and TVC 
s. 

i .  

P’*,’stllCK: 
1.’ $,turn con t ro l  system ve r i f i ca t ion ,  
l i ’  Solar  Electric Propulsion Stage rendezvous and docking, guidance and ‘’ f ?  tion, and point ing con t ro l  functions requir ing both a t t i t u d e  and t r a n s l a t i o n a l  
c’* ‘-.t1 of the  vehicle.  
‘/ ‘ , t i  sys tem d e f i n i t i o n  s tud ie s  t o  recommend a law-thrust-level reac t ion  control. 
I C ,  * P  w i l l  be performed. 
”’*. 4 f l i g h t  hardware a t  a later date ,  
4j ’ 1 ‘ )  invest igated i n  a realist ic disturbance environment including the simulation 

The SEPS simulation w i l l  be performed on a computer cur ren t ly  being used 
The Saturn simulator w i l l  be modified t o  

In add i t ion  t o  these functions,  guidance navigation and 

The s i m l a t i o n  hardware w i l l  be  used t o  i n t e g r a t e  and 
By means of simulations,  cont ro l  schemes 

farrrnic e f f e c t  of the  s o l a r  panels and other-on-board moving masses. S’J/ .. 

f ‘ ’ 4  i;: A Procurement Request w a s  i n i t i a t e d  February 21, 1974, s o l i c i t i n g  a proposal 
“II tract negotiation. 

I .  TITLE: AUTHOR(5): DATE 
TRANSMITTED N//1 
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TASK: SEPS Guidance and Navigation Autonomy Analysis 
NAS8-30271, In ternat ional  Business Machines Corporation 

150 Sparkman Drive 
Huntsvi 1 le, Alabama 35805 

OSJECTlVE(S1: 
Guidance and Navigation Subsystem w i l l  be provided. Three missions w i l l  be evaluated.- 
two geosynchronous and one low ear th  o r b i t .  
manpower, f a c i l i t i e s ,  hardware, and software functions. 
feasible leve ls  o f  autonomy w i l l  be evaluated and cost ing w i l l  be done on the guidance 
and navigat ion subsystem f o r  each level .  

An analysis f o r  the se lec t ion  o f  a feas ib le ,  re l i ab le ,  low cost SEPS 

The cost  analysis w i l l  be ou t l i ned  i n  
Both lowest and highest 

APPROACH: An i n i t i a l  requirements d e f i n i t i o n  phase w i l l  be undertaken. During t h i s  
phase, study groundrules w i l l  be l a i d  baseline t ra jec to r ies  w i l l  be generated, and 
candidate conf igurat ions w i l l  be ident i f ied .  Then using the informat ion generated 
during the f i r s t  phase o f  operation, navigat ion e r r o r  analyses o f  the SEPS missions t o  
determine which navigat ion conf igurat ions could meet mission requirements f o r  each o f  
the two leve ls  o f  autonomy w i l l  be performed and the best conf igurat ion f o r  each level  
w i l l  be determined. The selected conf igurat ion f o r  each leve l  w i l l  then be sized and 
i n  each case, ground contro l  funct ional  respons ib i l i t i es  w i l l  be established. 
Communication, command, tracking, d isp lay and telemetry requirements and/or processing 
w i l l  be determined. A thorough cost analysis w i l l  be done a t  each leve l  as re la tes  t o  
manpower, f a c i l i t y  and communications, hardware, and software. Costing o f  the two leve l  
o f  autonomy w i l l  then be compared and a recommendation w i l l  be made between the two l eve l  

I .  REPORT NO.: TITLE: AUtHOR(r): DATE 
TRANSMITTED 

'u 

I --.- 

FIRST BENEFITING PROJECT: SEPS 
- -- 

ISFC- Form 3 6 0  (March 1973)  
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CURftEHf NO./CODE: 

18b 1 7-56 PROGRESS REPORT - 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

(Continuation Sheet) PAGE 2 OF 3 
- -  

STATUS: Technical Prosress: The initial requirements definition phase has k e n  
completed. 
selected. In addition, the guidance and navigation evaluation tools (ANS - Autonomous 
Navigation Analysis Program and MOLTOP - Multiple Orbit tow Thrust Optimization Program) 
have been modified and are working in conjunction with each other. 
are well underway for the high autonomy level (1OK circular to synch circular mission) 
using various combinations of navigation sensors. 
being established and evaluated as relates to the low autonomy level. 

Guidance philosophies, navigation sensors, and performance criteria were 

Navigation analyses 

Groundrules and requirements are 

Hanaqement Proqress: This contractual effort was initiated on htovember 30, 1973. 

Conclusions: Work i s  progressing well towards the scheduled meeting o f  the 
objectives outlined above. 

Problems: None 

Causes of Problems: None 

Suqqested Solutions: None 

Forecast: The objectives outlined above will be reached on schedule. 

MSFC - Form 350-1 (March 1973) 
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2. PERIOD COVERED: 

- TASK: ??terplanetary tow Thrust Guidance and Performance Error Analysis 
$8-29666, Mart i n Marietta Corporation 

P. 0. 00x 179 
Denver, CO 80201 

OBJECT1'i?fi: 

to the *,gree necessary for SEPS studies and interplanetary mission design work. 
previor;:ly 1 jsted objectives have been met. Under contract extension and expansion, 
modificwions and extensions o f  this program will be made which will provide for 
increasot efficiency of operation and the additional capability of performing guidance 
and navigAtion analysis for low thrust earth orbital missions, 

Effort to date on this contract has produced a computer program 
t r " -  WPSEf, &ich can be used to evaluate guidance, navigation and performance requirement 

Thus, 

APPROACH: 
completil,n of the following four tasks. 
develowd and documented under this contract will be improved in efficiency and its 
capabi 1 it./ t o  evaluate planetary missions wi 1 1  be increased. 
will be fisiveloped which will perform the same functions as MAPSEP but which will be 
oriented towards earth orbital mission applications. 
verification methods for the programs created under (1 )  and (2) above will be defined 
and applitrrf. (4) .The finalized programs will be completely documented and this 
documnthtion, along with a source deck or tape of the program, will be provided to 
MSFC 

The expanded objectives outlined above will be met by the successful 
( 1 )  The computer program (MAPSEP) previously 

(2) A separate program 

i 
i 

(3) Test case data and 

i 

CWtcurrent\y w i  th the development of the program, the contractor W i  I 1  communicate ! 
I 

DATE 
TRANSMITTED 

AUTHOR (5):  
-- . REPORTNO,; TITLE: 

.b 

I 

4 
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PROGRESS RErORT 18O-17-56 
RESEARCH AND TECHNOLOGY O?ERATING PLAN 

(Continuation Sheet) PAGE 2 OF 3 

APPROACH: (Continued) 

w i t h  the MSFC Computation Laboratory and provide them w i t h  the i n f o r m t i o n  needed 
t o  f a c i l i t a t e  the program conversions which are necessary fo r  operation on MSFC 
computer sys terns 

STATUS: 
e l e c t r i c  propulsion (MAPSEP) was completed. This program contains three basic modes: 
TOPSEP ( t r a j e c t o r y  generation), GODSEP ( 1  inear e r ro r  analys is) ,  and SIMSEP (s imulat ion) 
These modes and t h e i r  various options g ive the user s u f f i c i e n t  f l e x i b i l i t y  t o  analyze 
any low t h rus t  mission w i t h  respect t o  t ra jec to ry  performance, guidance and navigation, 
and t o  provide meaningful system re la ted requirements f o r  the purpose of vehic le  
design. The developed program was completely documented i n  a three volume repor t  
inc lud ing an ana ly t i ca l  o r  funct ional  descr ip t ion document, a User's Nanual and a 
volume conta in ing a descr ip t ion  o f  the in te rna l  s t ruc tu re  of MAPSEP including l og i ca l  
flow. 

Technical Prosress: Oevelopment of a mission analysis program for so lar  

Manaqement Proqress: The o r i g i n a l  contractual e f f o r t  wi th one expansion was brought 
t o  a successful completion on March 10, 1974. A cont ract  extension f o r  approximately 
65K and covering a one year per iod is present ly i n  the l a s t  stages o f  negotiat ion. 
This extension w i l l  cover the completion o f  a l l  the object ives out l ined above. 

Conctusions: 
Upon completion o f  negot iat ions f o r  cont ract  extension, work w i l l  begin on the 
object ives cu r ren t l y  1 is ted. 

The o r i g i n a l  ob ject ives o f  t h i s  contractual  e f f o r t  have been reached. 

P rob 1 ems : None 

Causes o f  Problems: No ne 

Suqqested Solutions: None 

Forecast: The object ives as ou t l ined  above w i l l  be reached on schedule. 

> 

I- - 
MSFC - Form 350-1 (unrch 1913) 
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PROGRESS REPORT I 

RESEARCH AND TECHNOLOGY OPERATING PLAN 

MS FC 01 10 73 31 03 74 
i_ TITLE: 

Solar E l e c t r i c  P r o p u l s i o n  S t a g e  (SEPS) Technology 
,- RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

SIE-AERO-GA 
J. R. Duncan, Jr. 1 205-453-0442 James C. B l a i r  

,. ASCOMPLI~HMENTS ~Milsston~r. Problems. Near term acttvltlsr): 

TASK: Convers ion  of HlLTOP and ASTOP Computer Programs 
WS8-29945, A n a l y t i c a l  Mechanics A s s o c i a t e s ,  Inc, 

50 Jer i t h o  Turnpi  ke 
J e r i c h o ,  New York 11753 

_I_ 

OBJECTIVE(S) :: 
Program (HILTOP) and t h e  A r b i t r a r y  Space T r a j e c t o r y  O p t i m i z a t i o n  Program (ASTOP) w i  11 
be t r a n s f e r r e d  to MSFC for  o p e r a t i o n  o n  t h e  MSFC U N f V A C  1108 computer. 
v a r i o u s  proposed program m o d i f i c a t i o n s  to  HILTOP w i l l  be i n v e s t i g a t e d  and,  where  
a p p l i c a b l e ,  i n c l u d e d  i n  t h e  program. 

The He? i o c e n t r i c  I n t e r p l a n e t a r y  Low T h r u s t  T r a j e c t o r y  O p t i m i z a t i o n  

I n  a d d i t i o n ,  

APPROACH: The HILTOP and ASTOP programs w i l l  be t r a n s f e r r e d  t o  MSFC for  u s e  on i t s  
UNIVAC 1108 computer,  In t h i s  r e g a r d ,  test cases w i l l  b e  run  and e v a l u a t e d  f o r  a l l  
program o p t i o n s ;  t h e  e x i s t i n g  User’s Guide w i l l  b e  updated and expanded; and  t r a i n i n g  
sessions on t h e  use of t h e  programs w i l l  be provided  for i n t e r e s t e d  MSFC p e r s o n n e l .  
The f o l l o w i n g  program m o d i f i c a t i o n s  to  HILTOP w i l l  b e  i n v e s t i g a t e d :  ( 1 )  g e n e r a l i z a t i o n  
of fixed t h r u s t  a n g l e  c a p a b i l i t y ;  (2) i n c l u s i o n  of t h e  c o u p l i n g  between t h e  s o l a r  a r r a y  
p o i n t i n g  a n g l e  and t h e  t h r u s t  v e c t o r ;  (3 )  r e v i s i o n  of  t h e  i terator;  (4) b e t t e r  model 
of t h e  r a d i a t i o n  d e g r a d a t i o n  effects upon t h e  s o l a r  a r r a y s ;  (5) a c c o u n t  for  t h r o t t l i n g  
effects, and ( 6 )  rev’ise l o g i c  of program t o  handle  cases where t h e  s w i t c h  f u n c t i o n  and 
i t s  d e r i v a t i v e  b o t h  go to zero. 
w i l l  be documented as addendums or i n c l u s i o n s  i n t o  t h e  o r i g i n a l  documentat ion.  

Where program m o d i f i c a t i o n s  are a c t u a l l y  made, t h e y  

- ! 
i 

I 
7. REPORT NO.: TITLE: AUTHOR(8f: DATE 

TRANSMITTED 
L 

FIRST BENEFITING PROJECT: SEPS 
ISPC-Fonnsbo (Much 1 9 7 a )  

- -  
-* - 

”, 1 
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. CURRENT NO./COOE: 

PROGRESS REPORT 180-1 7-56 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

PAGE 2 OF 3 (Continuation Sheet) 

II_ STATUS: Technical Prowess: None 

Manaqement Prowess: 

Conclusions: NOM 

Problems : Hone 

Causes of Problems: None 

Suqqested Solutions: None 

Forecast: The objectives outl ined above w i l l  be reached on schedule. 

This contractual ef fort  was initiated on February 21, 1974, 

- 

/ 
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rROGRESS REPORT I 

PAGE 1 OF 2 RESEARCH AND TECHNOLOGY OPERATING PLAN 

1. CENTER: 2. PERIOD COVERED: 3. CODE 
URRE T N  PRIOR NO.: 

01 10 73 31 03 74 fSO-C?I-y7 
502-24-1 

Solar Ar ray  Technology for Solar Electr ic Propulsion Stage 

MSFC 
4. TITLE: 

5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 
R, M. Aden 

L. E. Young 453-4566 SGE-ASTR-E 
' 6 ,  ACCOMPLISHMENTS (M)trrtonrs, Problems. Near term rctlvlt W: 

Objective(s); To insure the availability and adequacy of technology to support the 
Solar Electr ic Propulsion Stage (SEPS) Solar Array. 

Aowro acht The approach is to perform a preliminary design in order to identify the 
solar array technology required by the SEPS. 
with the state-of-the-art to identify areas where demonstration or futher develop- 
ment of technology is needed, 
results being fed back into the design effort. 
technology wi l l  be demonstrated by fabricating and testing a futl-scale wing. 
approach is divided into major task areas'as follows: 

This technology wi l l  be compared 

These areas w i l l  be worked as specific tasks with 
The availability of overall array 

The 

o Preliminary Design 
o Technology Development 
o Fabrication and Test of Full-Scale Wing 

1 These tasks are illustrated in the attached milestone schedule, 

Status: Technical Progress: The Preliminary Design Task is over 60% complete 
with the following areas of technology having been identified as sub-tasks to be 
worked under the Technology Development Task. 

I ( I )  Solar Cell to Solar Cell  I nterconnect Bonding 
AUTHOR(r): DATE 

7. REPORT NO.: TITLE: TRANSMITTED 1 
b 

F i r s t  Benefiting Project: SEPS 
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URRENT NO CODE: 1b0-I 7-54 
r5J12-24-1 7 PROGRlESS REPORT 

RESEARCH AND TECHNOLOGY OrERATING PLAN 

I (Continuation Sheet) 1.m 2 OF 

. (2) Materials Tests and Demonstration 
(3) Non-Destructive Inspection and Test Methods for  Solar Cell  Modules 
(4) Illumination and Thermal Cycling Testing of Solar Cell Modules 
(5) Aluminum Flat  Conductor Cable Development G, Cable Termination 

Remarks: (1 )  Additional sub-tasks may be identified as the Preliminary Design Task 
processes, The various tasks and sub-tasks will be reported separately, 

(2) See individual tasks and sub-tasks for  management progress, problems, 
and remarks. 

(3) All current effort involving the OAST (502-1 portion of this RTOP is 
reported under the Task "Preliminary Design". This is a joint effort with OSS (180-). 

,. I- 
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9 l a r  Array Technology for  Solar Electr ic Propulsion Stage 

fSPON5l BLE INDlVI DUAL: TELEPHONE: APPROVAL: 

R. M. Aden 
Sa€- ASTR-E ED-, E. Young 453-4566 

I 

Preliminary Design 

Contract No: NAS8-30315 - Lockheed Missiles 0 Space Co, 

Cjrbjective(s): 1 nsure that al l  SEPS Solar Ar ray  Technology requirements are identi- 
fied and characterized as to their availability. 
fightweight array which meets these requirements. 

To demonstrate the feasibility of a 

Characterized 1, ! I ,  o r  111 in accordance with it5 availability. A working model of the 
solar array wing-root w i l l  be fabricated and tested to demonstrate the feasibility of 
meeting the requirements. 

Status: Technical Progress: A design concept has been developed and most of the 
apeas of technology have been characterized. 

~ Management Progress: A contract (NAS8-30315) has been signed with Lock- 
hoed Missiles and Space Co. to perform the preliminary assignment. 

Conclusions: None 
Problems: None 
Causes of Problems: N/A 

DATE 
TRANSMITTED 

AUTHOR@): TITLE: ’. 
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PAOE 1 OF 1 RESEARCH AND TECHNOLOGY OPERATING PLAN 

. CENTER: 2. PERIOD COVERED: 3. co OE 

MSFC 01 10 73 31 03 74 180-1 7-57 
I' T1TLE: 

CURRENT NO.: PRIOR NO.: 

Solar Ar ray  Technology for  Solar Electr ic Propulsion Stage 
TELEPHONE: APPROVAL: 1. RESPONSIBLE IN Dl V I  DUAL: 

R, M. Aden 
L. E. Young 453-4566 SbE-ASTR-E 
I, ACCOMPLISHMENTS (Milerton~r. Probternr, Near tWm activitl*s): 

I 
rask: Technology Development 

Contracts: See related sub-tasks. 

Sbjective(s1: To demonstrate o r  develop the technology identified under the Pret imi- 
-1ary Design Task. 

qpproach: Areas of technology identified under the Preliminary Design Task w i l l  be 
worked in-house and on contract in accordance with the plans and schedules depicted 
In related sub-tasks, 

ztatus; Technical Progress: Some technology development areas have already been 
Initiated. See related sub-tasks, 

Remarks: See related sub-tasks for  Management Progress, Conclusions, 
Ppoblems, etc. 

'- NEPORT NO.: TITLE; AUTHOR(s): DATE TRANSMITTED 
'h . 



Sub-Ta%s Solar Gel I to Solar e e l  I Interconnect Bonding 

to Task: -- Technology Development (In-House and on Contract - TBD) 

Objecti"5; To select materials and develop interconnect technology inc,Jding process 
controls f ~ r  attaching solar cells to large flexible printed circuits. 

ApproaclJi Perform investigations to select and test materials and processes fo r  
attachin% solar cel ls to flexible printed circuits so that mechanical and electrical 

made an4 tested to ascertain mechanical and electrical performance. 

Status: 
task. 

is  not degraded beyond acceptable limits. Test assemblies are to be 

technical Progress: A procurement request has been submitted fo r  this 

hanagernent Progress: None. 

bonclusions: None. 

broblemsi' None. 

kauses of Problems: N/A. 
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MSFC I 01 10 73 31 03 74 180-1 7-57 1 

4. TITLE: 

S o l a r  A r r a y  Technology f o r  S o l a r  E l e c t r i c  Propu ls ion  Stage 
5. HELPONSIBLE INDIVIDUAL: I TELEPHONE: IAPPROVAL: 
F. Uptagraf f  t/S&E-ASTN-MX 453-1 275 R, M. Aden/SGE-ASTR-E 

R. Schwinghamer/SGE-ASTN-M 
c, &C<r>MPLIfjHMENTS (MiI8Stone%. Problrmr, Near term .ctlVltleS): 

Sub-Task: Mater ia ls  Tests  €4 Demonstrat ion 

to Task: Technology Development (In-House €d on Cont rac t  - TBD) 

Objective(s): To obtain data on the combined ef fects of UV, penetrat ing rad ia t ion  and 
vacuum on structural ,  thermal-optical and e lec t r i ca l  p roper t ies  of the candidate 
so la r  a r r a y  materials. 

Approach: Through a combination of an i n-house and contract  effort,  a p rogram w i l l  
be in i t ia ted which w i l l  ident i fy candidate so la r  a r r a y  mater ia ls  to be tested and evalu- 
ated against the SEPS environment. Tes ts  w i l l  be conducted to prov ide creep, tear, 
tensi le data, and UV effects on candidate substrate materials. 
tests w i l l  be conducted to determine the i r  effects. Resul ts  of these tests w i l l  be used 

P a r t i c l e  rad ia t ion  

to select mater ia ls  capable of meeting SEPS requirements. 

Status: 
scope of work  i s  present ly being generated. 

Technical P r o q r e s z  A l i s t  of candidate mater ia ls  has been prepared and a 

I 

CURRENT NO.: lPRlOR NO.: 

'b 

Management Progress :  None 
Conclusions: None 
Problems: None 
Causes of Problems: N/A 

.. REPORT NO.: TITLE: AUfHOR(s): DATE 
TRANSMITTED 
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MSFC 01 10 73 03 31 74 
1 - . TITLE: 

Solar Ar ray  Technology fo r  Solar Electr ic Propulsion Stage 
HESPONSIELE INOlVl DUAL: TELEPHONE: APPROVAL: 

R. M. Aden/S&E-ASTR-E 
Ken Woodis 453-451 9 R. Henri tze/S&E-QUAL-A 

Sub-Task: Non-Destructive Inspection and Test Methods fo r  Solar Cell Modules (ln- 
House) 

to Task: Technology Development 

- ,.cc~MPLtSHMENTS (MllUStOnM, Problems, Near term actlvitles): 

Objective: c To insure the availabil ity and adequacy of nondestructive testing tech- 
nology to support the solar a r ray  development program. 
w i l l  be researched and developed: ( 1 )  Electr ical interconnection integrity and 
(2) Solar Ar ray  output verification. The electrical interconnection portion w i l  I 
consist of: (a) The development of an optimum test method fo r  determining the ade- 
quacy of electrical interconnections, (b) Testing solar modules after fabrication, 
and (c) The disassembly/teardown anal ysis on test samples. 
verification wi l l  consist of nondestruct ive evaluation techniques for verification of 
solar array module outputs. 

Approach: IIIuminatFon, Dark 1V and infrared techniques will a l l  be investigated to 
determine an optimum test method to determine not only cel l  integrity but atso inter- 
connect integrity. 
maintained to prevent undesirable conditions from appearing in the consequent solar 
design, especially in the area of interconnect materials and method of bonding. 

Two areas of this program 

The solar array output 

Close coordination wit h ASTR, as well as the contractor wi l l  be 

Status: Technical Progress: Test fixtures have been fabricated and equipment 
obtained to illuminate and hotd test solar cells. 
formed. 
scanner. 

Preliminary tests have been per- 
A procurement request has been prepared to refurbish an existing infrared 

This scanner has the sensit ivi ty needed to plot thermal profi les of the cell 
and i nte rconnects. 

DATE . REPORTNO.: TITLE: AUTHOR($): -- ~ -- 
THANSMI I I LU 

'Ir 

F i rs t  Benefiting Project: SEPS 
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C L  RRENT NO./COoE: 

PROGRESS T 180-1 7-57 
RESFARCM AND TECHNOLOGY OPERATING PLAN 

(Gntinuation Sheet) PAGE 2 GF 2 
I 

Menagement Progress: None, 
I 

- Conclusions: None, 

Pro5lem-t  None. 

Cause of Problemc: N/A, 

- 
ISFC - Form 350-1 (March 1973) 
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MSFC 01 10 73 31 03 74 
2. TITLE: 

Solar A r ray  Technology fo r  Solsr  Electr ic Propulsion Stage 
-.--I-- 

-5. PESPONSIBLE lNDl V I  DUAL: TELEPHONE: APPROVAL: 

R, M. Aden I 
0. W, Alexander- 453-4567 S&E-ASTR-E -- 

'6. ACCOMPLISHMENTS (Wlsstones. Protlcms. Near term actlv~tia!: 

Sub-Task: 1 lluminsltion ard Thermal-Cycle Testing of Solar Cell Modules 
To Task: Technoiogy DeQelopment 

Objective(s): To determine the I-V characteristics and the solar cel I interconnect 
integrity of the solar cel l  modules to be delivered under the preliminary design task, 
the technology develcpment task, and the fabrication and tests of a full-scale wing 
task. 

Approach: I-V Characteristics of the solar cel l  modules w i l l  be determined using a 
flash-lamp solar simulator calibrated t o  AM-0 conditions using standard solar cells 
calibrated by JPLfs high altitude bai lom f light calibration program. The electrical 
and mechanical integrity of ihe soiar cell interconnect designs w i l l  be verif ied by 
comprehensive thermal-cycle testing. 

Status: Technical Progress: Two of the four standard solar cells were calibrated 
by JPL on February 16, 19'74, under Sub-Auth, No. 82, dated Dec. 19. 1973. The 
other two cells w i l l  be flown on balloon flights between March and June-1 974. 

Managemsnt Progress: The large area soiar simulation facil i ty i s  ready for  
occupancy. An RFQ has been submitted fcr development Qf solar cell intercannect 
bonding techniques which wi l l  result in the fabrication and delivery of eight experi- 
mental solar cel l  modill cs. 

Conclusions: Problem Areas: None. Causes of Problems: N/A. 

AUTHCR(r): DATE 
TfTLE: T&NSMITTED 

I 

i 

, 

I 
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CENTER: 2. PERIOD COVERED: 

MSFC 01 10 73 31 03 74 

PAGE OF 2 
3. CODE 
CURRENT .NO.: PRIOR NO.: 

I 

180-1 7-57 

Status: 
house effort h a s  been prepared. 
cable fabrication and to establish the base parameters for  terminating aluminum con- 
ductors i s  under investigation. 

Technical Progress: A procurement request f o r  materials to support the in- 
A program plan to update aluminum conductor flat 

Management Progress: The procurement of materials was issued during Feb- 

TITLE: 1 

- 
DATE 

T~~RNSMITTED 
AUTHOR(r1: , REPORTNO.: TITLEI 

RESPONSIBLE IN01 VIDUAL: TELEPHONE: 

James M. Wi l l is  453-1 509 

F i rs t  Benefiting Project: SEPS 

- -." I., ...- L .--e. 

APPROVAL: I 

R, M. Aden/S&€-ASTR-€ 
W. AngeIe/S&E-PE-M 
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Management Progress (C ontt d) 

w a r y  1974, for the support of the in-house effort. 

Conclusions: None. 

Problems: None. I 
Cause of Problems: N/A. 
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1 
I MSF C 101 10 73 31 03 74 (186-68-64 186-68-64 - 

TlTLE: 1 

Comet and Asteriod Rendezvous and Docking (CARD) 

3 .  D. Ellsworth/H. Waites 
S&E-ASTR-S 453-4584/4717 3 ,  L. Mack 

- TASK: a) Autonomous Target Relative Navigation 

RESPONSIBLE INDIVIDUALA TELEPHONE: APPROVAL: 4 

- 
, ACCOMPLISHMENTS (Milestones. Problrms. Near term aCtlVltle3): 

b) Stability and Dynamic Analysis of a Control System Insensitivity to 
Parameter and Environmental Variations 

OBJECTIVES: 
autonomous or ground supplemented target-relative navigation system capable of use 
on spacecraft which would fly by, orbitjland on a plante, a comet, or an asteroid. 

a )  The purpose of the study effort under Task (a) was to develop an 

b) The study effort under Task (b) was to develop techniques, analysis, 
and synthesis tools to aid in the design and development of a simulation plan for 
stability and dynamic analysis of a control system insensitivity to the variations 
encountered in unmanned rendezvous and docking in the CARD mission. 

-- STATUS: 
reports delivered. / 

The study contracts on the above tasks have been completed and final 

This is the final progress report on this RTOP. 

.-- 

TITLE: AUTHOR(r): DATE 
TRANSMITTED 

. REPORT NO.: 

L 
Scientific Report Autonomous Target Relative James C. Hung May 1, 1973 
#S-24 Navigation 

Final Report 
Contract NAS8-28251 

Vol Dynamic Analysis of and 
I, 1I;III synthesis of an Attitude 

Control System for a Spacecraft 
to Rendezvous with Comet and 
Asteroids 
Final Report 
Contract NAS8-28110 
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111 . CENTER: 

MSFC 01 1Q 73 31 03 74 
. TtTLE: 

Magnetospheric -Physics -Particle and Particle / Phoion Interactions 

. RESPONSIBLE  TELEPHONE^ 
! 

1 - /  ;. Swenson, S&E->ERO-YS 1 205 453-3140 W W i l l i a m  W. Vaughan 
. ACCOMPLISHMENTS (Milestones, Prcibleni:, Near term activities): / 

rASK: Airglow Research, Contract No. NAS8-29543 
University of Alabsmz in Euntsville, Huntsville, AL 35810 

- 

3BJECTIVE: To obtain a better understanding of the effects of wave  propagation in 
tirglow emissions. 

IPPROACH: I )  Develop a rr,odel of wave propagation through the ionosphere 
2 )  Combine with a n  already developed static model of the 6 3 0 0 2  01 

smission. 
3) Adjuat model pz.rameters until agreement is reached with observationa 

lata recorded by MSFC Airglow Observatory System. 

STATUS: Technical Progress:  1) .A theoretical model of a three fl.uid ionosphere is 
nppr oximately 90% complete. 
2 )  A se t  of governing equations for a quiet magnetosphere has beexi 2evsloped znd work 
hac sarted on developing a model which can be used to study the evolution of the 
magnetosphere. 
3 )  Development of a dynamic modal of the 6300 
observational equipment problems, 
has not been available, 

01 erdss ion  has heen delayed due to 
The data required to verify the theoretical studies 

Xlf1.E: 4UTH Fi(s): DATE 
TRANSMITTED I. REPORT NO.: Short Period Qevma netic Variations During s to rm 

Thermospheric ing and Movements E 

During Geomagnetic Ijisturbances S. T. Wu 

Wind Shear Effect on Acoustic-Gravity 
Wave Propagation in the Thermosphere S. T. Wu, R. J. Hung, 

. and G. L. Bao I 
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CURRENT NOJCOOE: 

PROGRESS ~ ~ P ~ ~ T  188-36-56 
RESEARCH AND TECHNOLOGY OPERATING PLAN 

(Continuation Sheet) PAGE 2 OF 3 
;TATUS: Management Progress:  The period of performance has been extended and 
Nork wil l  continue at a much lower level of effort during the remainder of the contract, 

Conclusions: Objectives a r e  technically feasible; however, three-dimensiom 
model appears to be far downstream. 

Problems: Length and level of effort of contract will not permit the indepth 
nork needed to develop the ful l  scale model originally envisioned. 

~ 

Forecast: This effort wil l  be terminated because no F Y  74 funds have been 
provided . 

,/ 

t 

' 
i 
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I I I . TITLEI 

REAL TIME SOLAR -GRAPH 

, RESPONSIBLE INDIVIDUAL: TELEPHONE: 

W. C. Snoddy, S&E-SSL-T 45 3- 3 103 
, fiGCOMPLISHMLNTS (MllWOnfSs. PfOblaml, Near t a m  Ectlvltla): - TASK: 

GO &-45646A 

Real Time Solar Magnetograph 

W. C. Snoddy, S&E-SSL-T 

OBJECTIVE@): 
measurements having a field of vtew of several arc minutes. Such instrumentation 
will be used to study small-scale, rapid variations of the solar magnetic fields. 
This information fs needed, for example, to support the scientific data evaluation 
of the AIM and to aid in the prediction of flares in connection with such manned 
missions. It will provide a capability of the Space Sciences Laboratory of MSPC 
to suppoat.solar astronomical m2ssions. 

To develop a solar magnetograph capable of real time, high-resolution 

APPROACH: The RTSM is representative of magnetograph systems Which use a narxow- 
band birefringent filter plus an assembly of polarizing optics to uniquely deter- 
mine the atate of polarization of a narrow wavelength interval. of the light 
emerging from a small element ob the sun*s surface by measuring the Zeeman effect 
in chromospheric absorption liaes. 
addressed are (1) to establish the relationship between measured polarization and 
solar magnetic fields, and (2)  to correlate measured magnetic field distributions 
with distributions calculated aeoretically from various assumptions concerning 
the solar plasma. In regard to the first problem, calibration is approached by 
solving the radiat5.e transfer 

across the line profiles. 
of the light is caused solely bv the presence of a homogeneous magnetic field in 

IMX-53984 Calculations of Astrophysical Part- M. J. Hagyarr! Peb 1970 

The specific problems to which the RTSM is 

equations for the line profiles of the Stokes 
.parameters and cmputing the percentage of linear and,circular polarization 

Correspondingly, if it is assumed that the polarization 

TITLE: AUTHOR(s): DATE 
TRANSMITTED 

. REWRTNO.: 

ition Functions 
‘L 

3Mx-64556 The Continuous Absorption Coef- 
ficfmt Per Gram of Stellar M. J. Hagyard Sept 1970 
Mat&& with Neutral Hydrogen 6 

Sources of Opacity 
ative Hydrogen Ion as 

TMX-64541 Caldations of &e Stokes Para- M. J. Hagyard Aug 1970 
meters and the 
Polarization: An Application of 
the Solutions of m e  t o  the Unno 
Tranafer Equation8 

NAS(l-30148 Two Solar fnteneigy Calculationa A. R. Dunn July 1970. 

FXRST BE%EE’ITTIHG PROJECT: B/’Aa?l Data Reduction 
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I APPROACH: Cont'd 

the process of fclzmntiori of the absorption l i n e  i n  the relevant  layers  of the 
s u n ' s  atmosp!l2re, t h i s  magnetic f i e l d  can be determined both i n  magnitude and 
d i r ec t ion  f r m  measurements of t he  degrees of l i n e a r  and c i r c u l a r  polar izat ion 
of t h e  l i g h t  transmit.ted by the  narrow-band f i l t e r .  I n  connectiori with the second 
problem, the shock ca lcu la t ion  f o r  i n f a l l i n g  prominence mater ia l  i v  the i n f a l l -  
impact model of a s o l a r  f l a r e  y i e lds  appropriate  condi t ions f o r  hydrogen-alpha 
emission. 
11 and type I V  solar radio b u r s t s  has been developed and numerical calculat ions 
made. 

I 

As an exsenslcn of the  infall- impact theory, a t heo re t i ca l  model for type 

The 30.48cm (12-in.) Cassegrainian telescope c o l l e c t s  l i g h t  f o r  the RTSM opt ics ,  
Zeiss f i l t e r ,  and secondal?, e l ec t ron  conduction (SEC) vidicon de tec tor ,  The data 
is  d ig i t i zed  and processed an a r e a l  time bas i s  by a UNIVAC 1108 t h i r d  geueration 
computer. 
system and on high-speed p r i n t e r s ,  and p l o t t e r s .  The Zeiss f i l t e r  i s  a spec ia l ly  
b u i l t  b i re f r ingent  f i l t e r  designed to  have a baqdpass of about 0.Ofnm (0.125ff) a t  
the  525.02nm (5250.2-2-) ?ion l i n e  wavelength. S4agnetogrpah measuremerts s r e  made 
by using polar iz ing  op t i c s  corilsisting of two pletes, two pctassium-deuterium- 
phosphorus (KD*P) c r y s t a l s ,  and a l i nea r  po lar izer .  The ana lys i s  of the polarized 
l i g h t  is  accomplished with six ccmbinations of theee tlements with the retardance 
of the KD*P c r y s t a l s  bei,rg e l e c t r i c a l l y  control led by varying t1:e p l a t e  voltage.  
The e f f e c t  of each of these six combinations on a beam cif p a r t i a l l y  polar ized l i gh t  
can be described i n  terms of the  Stokes pa rme te r s  and Mueller ca lcu lus .  

Resvlts a r e  M e d i a t e l y  displayed on a d i g i t a l  t o  t e l ev i s ion  (D/TV) 

STATUS: T e c h i c a l  Pragress - The system became operat ional  i n  the long i tud ina l ,  
mode on May 30, 1973. Magnetograms were taken 45 percent of the time dr r ing  
the Skylab mission. 
i t  had the capab i l i t y  of providing the e a r l i e s t  magnetograns for  ATM plalming 
f o r  the next day's execution. Since August 15, 1973, magnetogram were t rans-  
mitted v i a  Wirephoto t o  the N O M  forecas te r  i n  the Sciencz Room at: JSC. A 
capab i l i t y  f o r  taping an3 processing of raw d i g i t a l  da ta  was developed tay the  
Computation Laboratory. 

Because tPe.RTSM was the  most ea r t e rn  ground-3ascd f a c i l i t y ,  

MANAGEMEKT PROGRESS - Contract Number WS8-28456 has been signed uuder whlch 
Electro-Piechanical Research, Inc. (Eh) w i l l  provide f i e l d  engineering and 
technical  support se rv ices  f o r  the RTSH. 

I 
I 

PROBLEMS: N o  ser ious problems exLst a t  t h i s  time. 

\ 

. ! .  
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CONCLUSIONS: The aystem appears t o  have the  desired capab i l i t y  and f l e x i b i l i t y  
required f o r  i n i t i a l  measureneat8 of s o l a r  magnetic f i e l d s  on a continuing r e a l  
time basis.  ! 

7 .  WPORT NO.: Continued TITLE AU'JXOR(S) 
NAS8-20166 Corrections ta Observations of A. R. Drtnn 

Intensi tLes nn the Sun(Tech. Note). 

- DATE 
TRANSMITTED 
Apr 1970 . 

NAS8-20166 Correcttons of Observed Umbral A. R. Dunn 
Spec t ra l  Lines, (Tnixrim Report) . 

NAS8-20166 Umbral Lirie P r o f i l e  Corrections A. R. D u n  
Interim Report. 

Analytic SoltXions to the  Unno Trans- M. J. Hagyard 
f e r  equations f o r  the Stokes Para- 
meters i n  a Milne-Eddington Atmos- 
phere, Solar  Phj-sics. 

P r o f i l e  ti Pola r i za t t sn  gf the  
Zeeman T r i p l e t  5250.2% A, 0.L 
Moe, G.E. Bruecknez, and M.J. 
Hagyard, 132cd meeting of the  
American Astronom€cal Society, 
Boulder, Colo 

A Compressible lvMD Model of the 
Development of a Sunspot, 1st 
meeting of the  Solar  Physics 
Division of the American 
Astronomical Society . 

NUS-25 101 Electro-Magnetohydrodynamic 
Description of the  Infal i -Ensact '  
Model. of the  ,Solar F la res .  
F ina l  Report 

On the  Predic t ion  of the  Magnetic 
F ie ld  Strengih Associated with 
Solar Fla res  .I I n f o r m a m  
Zur Kernforchvng & Kerntechnik. 

I 
Real Time Solar Mawetograph 
(First Generat €on) 
Edited by J. p. Wztkins, 
MISC-3 SL-7G-5 

i 
I 

I 
I 

I 

M.-J. Hagyard 

M. J. Hagyard 
Y. Nakagawa 
5 ,  T. Wu 

S. T. Vu 

S. T. Wu 
K. 0. 'Ehompsaa 

M. J. Hagyard 
E. J . Rcichman 
N, P. Cumings 
W. C. Snoddy 
J. R, Watkins 

Dec 1969 

Mar 1970 

(In Press) 

June 1970 

Nov 1970 

% 

Nov 1970 

(In Press) 

Dee 1970 
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7: REPORTS Continued 

NAS8-26376 Analysis of Sunspot Spectral A. R. Dunn oc t  1 9 7 1  
Data, Interiro Prport SE-SSL- 
1428 

Flares: The: Response of tk s. T. wu Apr 1972 E;! S. M. Han Chromosphere t o  a Downward Shwk 
Wave. Xeeting of the Solar Physics 
Divison of Zhe American Astronomical 
Society, University of Kargland. 

Ca’Jculatim of 5250.216 I.ine Profiles A. R. Dunn Apr 1972 
i n  Sunspots; Meeting of the Solar Physics 
Division of t h e  American Astronomical 
Society, Univzrsity of Maryland. 

Non-Linecr Study of the Dygamisal M. J. Hagyard Apr 1972 
Behavior cf a Force-Free Magnetic Y. Nakagawa 
Field; Meeting of the Solar  physic^ 
Division of ‘the American Astronomical 
Society, Unit-ersity of Maryland. 

Y. Nakagawa 

S. T. Wu 

I 

-ab- - 
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RTOP TITLE: W and O p t i c a l  Astronomy - The objec t ives  of t h i s  RTOP are t o  perform 
ground-based v i s i b l e  and i n f r a r e d  observations on se lec ted  objects .  
ob jec t ive  i s  t o  perfclnn a s t r o n m i c a l  publishable research t h a t  has bearing on MSFC 
projects, both on-goring and future. For instance,  the  l a t e s t  observations of ec l ip s ing  
binary stars were chasen such &at t he  planned observation by 5-183 on Skylab would 
include these  objec ts ;  and t h e  s t u d i e s  of o p t i c a l  and in f r a red  emissions from energe t ic  
processes w i l l  b e n e f i t  HEM. 

The o v e r a l l  

Also, the overall effort w i l l  provide MSFC with a c t i v e  knowledge of observational an6 
t h e o r e t i c a l  problems, thereby con t r ibu t ing  t o  MSFC's r o l e  i n  producing payloads t o  
ca r ry  ou t  such observations frcrsll space. 

- TASK: Vi s ib l e  and IR Photometry sE Variable S ta r s  and Other S t e l l a r  Objects 
p f  MSFC Astronomy F l i g h t  P ro jec t s  

OBJECTIVE(S1: 
and o the r  MSFC p r o j e c t s  such as HEAO and CVT on se lec ted  objec ts .  
ground-based program i s  n e g l i g i b l e  compared t o  a f l i g h t  experiment and can add grea t ly  
t o  the  s c i e n t i f i c  re-rn of the experiment, such as obtaining near IR da ta  on objec ts  
observed i n  the  W, 

To provide ground-based photometric data  i n  support of S-183 (Skylab) 
Cost of such a 

APPROACH: 
such s t e l l a r  sources as a) b i n a q  stars, b). long period mira variables,and c) Seyfert  
galaxies .  Such d a t z  e s t a b l i s h  pe r iod ic i ty ,  mass r a t i o s ,  limb darkening and magni- 

Opt ica l  ar;rd i n f r a r e d  narrow-band photometric observations a r e  performed on 

PSI 
. REPORTNO.: . TITLE: AUTHOR(r): OATE Hardie, Lieberman, TRANSMITTED 
PASP, Vol 79, 74. The Period of HD 10783 

R e  ichmann 'b 

The Development of Pho toe lec t r i c  and Two H. Atkins 
Inf ra red  Photometers and the Reduction of 
t he  Photoe lec t r ic  Lfght  Curve of the  Eclip,sing 
Variable S t a r  w Oriaa&s Uof Georgia Masters 
Thesis, 1971 

IAU Ci rcu lar  2407, I9f2e  Supernova 

Photometry of S u p e r m a  1972 ira NGC 5253 
The Astrophysical n a l  V o l  X77, No.  2 
P a r t  2, October 1972 

Wisnieski, Lee, 
Wdowiak, and Mich1ovi.c 

Lee, Wamsteker, Wisnieski and 
Wdow iak  

Recent Supernova in 
Rate,Nature-PhysicaE Science,Vol.. 241, January 1, 
1973 

5253 and the  Supernova Wamsteker, Wisnieski, Lee, and 
Wdowiak 

MSFC-~ormJIO (March 1971)  
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CURRENT NOJCODE: 

18Fl-5 1 

4 PAGE . ,OF 

Photoe lec t r ic  Photclmetry of Magnetj-.c Variable S ta r s  

OBJECTIVE(S): T o  es t ab l i sh ,  by phatometric measurements i n  the UBV narrow hands, 
v a r i a b i l i t y . i n  l i g h t  i n t e n s i t y  and t o  check f o r  co r re l a t ion  of Light v a r i a b i l i t y  w i t h  
magnetic f i e l d  s t rength  and with r a d i a l  ve loc i ty  var ia t ions .  

APPROACH: Opt ica l  (UBV,%alpha, and Stromgren) narrow-hand photxmetry w i l l  be used 
to  examine se lec ted  mzgnetic va r i ab le  s t a r s  t o  e s t ab l i sh  l i g h t  curves, metal l i n e  
indices ,  and BaLner-discontinuity indices.  

STATUS: Instrumentation and o p t i c a l  cmponents, being used cur ren t ly  i n  support of 
ATM, have been oStainecl and will eventually {a f t e r  Skylab) be used on t h i s  program. 
No  observations have been performed s i x e  the work on HD10783 i n  concert  with Dyer 
Observatory. 

Conclusions - 
Funds a r e  not being expended on t h i s  e f f o r t  u n t i l  a f t e r  SkyJab. 

Data from HD10783 observations have been produced and reported.  
I 

I Problems - None I 

Forecast - Resume observation a f t e r  Skylab. 
i 

i - -  TASK: - The Relationship of Certain Ce le s t i a l  Optical  and Inf ra red  Emitting Objects 
hnd H i &  Energy Radiation 

OBJECTIVE(S): 
of g a l a c t i c  and ex t r aga lac t i c  steady s t a t e  s r d  t r ans i en t  energe t ic  processes on such 
objec ts  as  novae, supernovae, x-ray wurces ,  and ga lac t fc  H I1 regions. 

AqPROACH: 
on M t .  Lemon, Tueson, Ar'izona, anti 0.4-meter telescope a t  MSFC. J o i n t  work i s  being 
done at Vanderbil t  (Dyer Observatory) and Cese Western Reserve. 
the  instrumentation a r e  on hand and the TI' systems w i l l  bc put i n t o  use i n  the winter 
of 1973. 

To per2'orm o p t i c a l  and inf ra red  observationa and t h e o r e t i c a l  s tud ies  

I 
The work i s  ca r r i ed  out wizh the  1.5-qeter NM.A(GSBC/MSFC) telescope locate,  

A l l  components of 

._^__ 0 -'._ . -_ . .-,.... 
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STATUS: Continued 

Extensive work on Supermva 1972 e has been carriec! out i n  o p t i c a l  and in f r a red  
photometric observations.  
attempted on suc3 an event and resu l ted  i n  seve ra l  publ icat ions.  
observe pecul ia r  galaxies  i s  m d e r  way with the goal of de tec t ing  energe t ic  events. 
Measurements of galaxy lc/62 ind ica t e  an inf ra red  excess. 
Vanderbil t  and Case a r e  linder way t o  study I3 exiss ions from Seyfert-type galaxies  
and to look f o r  W excess sources,  respect ively.  

-- 
I 

. I  

The T.R measurenents a r e  believed to  be the  f i r s t  ever 
A program t o  

J o i n t  programs with 

Instrumentatior, t o  da te  c c n s i s t s  of low acci high dispers ion spectrographs modified 
t o  use image tubes and low-light-level TV systems, tn f ra red  radiometer and po la r i -  
meter using both photo and bolometer in f ra red  de tec tors .  

Conclusion - 
Dublications). Also, from t h i s  work with e l ec t r cn ic  de tec t ion  systems such as 

Sone ideas  on supernovae events and rates were published (see 

&age tubes and low-iight-level TV systems even moderately sized- te lescopes (40-90cm) 
become s u i t a b l e  f o r  17th and 18th magnitude cb jec t s ,  and techniques such as video 
subt rac t ion  can be used t o  enhance s igna l  d i f fe rences  such as caused by polar iza t ion .  

Problems - Conference attendance I s  extremely I b i t e d  3y budget cons t r a in t s ,  making 
s c i e n t i f i c  interchanges d i f z i c u l t .  

Forecast  - Continue observat ioas ,  including using more d lec t ron ic  techniques, and 
continue publ icat ion i n  the  l i terature .  

7. REPakTS: Continuzd 

A Video Data Acquiskfion System f o r  Ground-Based 
Astronomy ASEE-NASA & m e r  Faculty Fellowship 
Program, MSFC 

K. Honeycutt Aug. 1973 

b 
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. REPORTNO.: TITLE: AUTHOR(s): DATE TRA#JSMITTED 

6. R. Karr and J. B. 
February 11, 1974. 

Hendricks, Third Quarterly Progress Report (Contract NAS8-293161, 
(An ' ana lys i s  of the gas spin-up system is included i n  t h i s  report)  

i 
i 
i 

P 

_- 
HSFC - Form 3 6 0  (March 1 9 7 8 )  
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quartz  enclosure f o r  two gyros has been designed. 
LSO serve as a support f o r  the magnetic sh ie lds .  

The quar tz  s t r u c t u r e  w i l l  

CURRENT NOJCODE: 

188-41-54 

PAGE 2 OF 2 

le technique to generate reproducib le  t h i n  superconducting niobium f i lms  (down 
3 SOX) has been developed. Superconducting microbridges (less than 1 micron 
Lde) have been made. Work will continue t o  reduce t h e  c r i t i ca l  cu r ren t  i n  the  
icrobridge ( the microbridge is t h e  c r i t i ca l  element of the  readout magnetometer). 

pu t te r ing  techniques f o r  uniform coa t ing  of the  quar tz  r o t o r  have been improved. 
niformity i n  thickness of the t h i n  f i l m  coating of less than 10% has been achieved. 

anagement Progr- - A phase A study f o r  f l i g h t  missions of t h i s  experiment 
one before 1980 and one after 1980) is  planned f o r  FY 75. 

lonclusions - Progress during t h e  last 12 months a t  Stanford University and a t  
[SFC i nd ica t e s  t h a t  a first f l i g h t  of t he  experiment (with reduced accuracy goals) 
: o d d  be accomplished before  1980. 

'roblems - There are st i l l  several t e c h n i c a l  problems which have t o  be solved. 
Che experiment r equ i r e s  very d i f f i c u l t  instrumentation development which pushes 
the state-of-the-art. 

Forecast - Work w i l l  continue on the sub jec t s  ind ica ted  above. A f i r s t  l o w  
temperature test of t h e  new XSFC gyro model is  an t i c ipa t ed  during the  f a l l  of 
1974.' A prototype gyro design combining the  b e s t  f ea tu re s  of the Stanford/Honeywell 
and MSFC gyro can be expected e a r l y  i n  1975; 
model w i l l  be based on tests t o  be  performed a t  Stanford and MSFC. 

_.. 

The design of t he  prototype gyro 

I 

USPC - Form 350-1 (March 1973) 
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. CENTER: 2. PERIOD COVERED: 3. CODE 
CURRENT NO.: PRIOR N0.r 

i88-45-52 01 10 73 . 31 03 74 MSFC 
. TfTLE: 

I 

Meteor A s t  
. RESPONSIBLE INDlV 

s. Clifton, S : & 3 : - S S  
. ACCOMPLISHMENTS (rAilestones, Pr 

I'ASK: 1 Electro-optical S q p o r t  
TASK: 2 LLL T V  Meteor Spectral Analysis 

IBJECTIVES: Task 1: {a) To give electroeoptical support of NASA airborne 
bservations. 
henomena. 
'ask 2: {a) To determine the corriposition of shower and sporadic meteors. 
elate this data to the overall hiowledge of meteor streams. ( c )  To develop techniques 
33: the automated analysis of spectra. 

(b) Improved defit'inition and analysis of astronomical and atmospheric 

(b) To 

PPROACH: Task 1: (a) To m ~ k e  observations with LLL TV systems aboard Convair 
90 expeditions. {b) To use closed-circuit T Y  systems to transmit the data to other 
xperimenters, expedition pesscnnel, and pilots. ( c )  To video tape data for possible 
nalysis and correlation with cther expe rhea te r s ,  
'ask 2: (a) LLL Sec vidicoa systems will be used to record meteor spectra to as 
Lint a magnitude as possible. 
nd with a working agreement with the National Research Council of Canada. 
sis techniques will  be tested and devdoped to provide automated analysis of meteor 
pectra to be correlate3 with manual techniques. (d) Data from spectral studies will 
e correlated with photametric, orbital and other data pertaining to any shower. 

- 
(b) Analysis of spectra will he attsrnpted both in-house 

(c) Anal- 

_.- 
~ 

- 
TITLE: AUTHORCs): DATE 

TRANSMITTED 
. REPORTNO.: 

1973 'elevision Studies of .Faint Meteors, K. S. Cliftos 

ktober, 1973. 
lther reports a r e  listed 5p previous progress reports. 

ournal of Geophysical Research, L 

USFC - Form a s 0  (March 7 9 7 1 )  
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STATUS: Task 1: LLL T V  systems have been utilized aboard t l  3 1969 NASA Airborne 
Auroral Expedition, the 1971 Barium Ion Cloud Expedition, and the 1972 Giacobinid 
Shower Expedition. Auroral  tapes from the 1972 mission have been sent to ARC for 
redubbing and transmission to the University of Alaska. With the temporary loss of 
a Convair 990, efforts have been directed into the development of a video data pro- 
cessing unit for extended analysis capability. At present the unit consists of a video 

/analyzer, for relative intensity information beneath a set of cross hairs,  a video 
processor for sync and signal improvement, a scan converter for single f rame read 
out, an XY indicatar for read out of positional data, a video quantizer for equal 
brightness contouring, a special  effects generator for adding a frame counter to 
video-taped data, a bandwidth compressor  for computer interfxing,  a shading 
generator for shading compensation, a moving target indicator for determination of 
the light curves of transient events, a video hard copy unit for reproduction of video 
data, and a color encoder for color video. 

Task 2: (a) 150 Perse id  meteors  have been obtained of which at least  30 should be 
analyzable. 
Dr. P, Millman of the National Research Council of Canada. ( c )  Spectral tapes 
obtained during the Orionid, Quadrantid, and Giacobinid meteor showers are being 
logged and analyzed (d) Five methods have been identified and isolated in order  to 
electronically analyze spectral profiles . 

(b) Analysis of the Perseid spectra is presently being accomplished by 

E 
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TlfLE: 

COSMIC-RAY AND GA&QlA-RAY ASTROXO?5Y INVESTIGATIONS 
/? // - 

RESPONSIBLE INDIVIDUAL. TEiEPHONEz 

I 
- Thomas A, Parue l l  ~ 453-5130 

ACCOMPLISHMENTS (Mllestones. Problsi ns, Near term artivltl%r): - TASK: Cosmic-Ray Astrcno'xy 

OBJECTm(S) :  To pe r fom high reso lu t ion  charge composition measurements of the  
cosmic-ray flwr i n  tbe 2 grea ter  than 15 range; t o  develop instrumentation, methods 
and da ta  ana lys i s  techniques for very la rge  area de tec tor  systems f o r  use i n  the 
Z grea te r  than 30 range; Lo develop low cos t ,  l a rge  area proport ional  counter 
hodoscopes; t o  perform calcuXations and analyses of p a r t i c l e  energy deposit ion i n  th in  
dE/dx de tec tors ;  and to contiiiue theo re t i ca l  work on the  energy loss of highly 
charged r e l a t i v i s t i c  p a r t i c l e s ,  
extending t h i s  c l a s s  of detector  systems t o  very la rge  a reas  
the  Shu t t l e  e r a  expEriments f o r  high cha.rge reso la t ion  measurernents i n  the Z 
g rea t e r  than 30 range, 
program. 

APPROACH: 
Cerenkov counter system w i l l  be assembled and flown on a balloon t o  perform a high 
reso lu t ion  measuremenF+of the  Lrcn group m c l e i .  
of individual  abundances from Z = 22 t o  Z = 30. Work w i l l  be cclltinued t o  examine 

I the  energy deposit ion d i s t r i b u t i o n s  (vice energy loss d i s t r ibu t ions )  f o r  high Z 
p a r t i c l e s  i n  very t h ln  de tec tor  systems (such as ion chambers). These ca lcu la t ions  
w i l l  t r e a t  the  s t a t i s t i c a l -  f luc tua t ions  (Vavillov d i s t r ibu t ion )  and the t ranspor t  of 
high energy d e l t a  rays with completeness so t h a t  accurate  energy loss d i s t r i b a t i o n s  
w i l l  be ava i l ab le  f o r  use with data  ana lys i s  techniques such as l ike l ihood-ra t io  
methods . 

* 

A study w i l l  also  be made of the  f e a s i b i l i t y  of 
( ~ 2 5  m2) for use i n  

The balioon f l ighL experiment w i l l  a l s o  be used i n  the CllT 

Using detectors  developed fo r  the  HEAO, a l a rge  a rea  (0.25 E?) m r ; t l t i  dE/dx 

The goal vi11 be the determination 

DATE 
TRANSMITTED 

, REPORTNO.: TITLE: AUTHORls): 

"Corrections t o  the Bethe-Rlock Formals f o r  Pe ter  3. Eby Mar 1973 
Average Ioniza t ion  Energy Loss of Rela t i -  Samuel H. Morgar., Jr. 2. 

v i s t i c  Heavy Nuclei-Close Coll is jnns,"  
Nuclear Instruments & liethods, 

'*Nuclear Gamma Rays from L i 7  i n  the  Gslact ic  G. J. Fishman 
Cosmic Radiation," The Astrophysical Journal,  D. D, Clayton 

Dec 1972 

'CHeasurements of Cosmic-Ray Tra jec tor ies  T. A, Parne l l  Aug 1973 
with a Proport ional  Counter Hodoscope," 
presented a t  13th In t e rna t iona l  Casmic-Ray 
Conference, Denver, Colorado, 

"Predicted I n t e n s i t i e s  of Cosmic-Ray-Produced T. A. Rygg Aug 1973 
Gamma-Ray Lines,'O presented at 13th In te rna t tona l  G, J. Fishman 
Cosmic-Ray Conference, Denver, Colorado, 

Godehard Guenther 
Udo Pollvogt 



Y 

RESEARCH AND 

iTAIIIS: Technical Progress 
7 

1. A detec tor  system for inves t iga t ing  the  Fe group CRhas been prepared fo r  
i balloon f l i g h t  and has been flown on a balloon i n  October 1973 from Pales t ine ,  Texas. 

2. A 8tudy of appropriate  gas mixture for high reso lu t ion  p a r a l l e l  p l a t e  ion 
:hambere has  been made. 
t34: Xenon/-/% methane m i x t u r e .  

The present  balloon instrument uses  an  8-ern dual gap with a 

3.  Calculations have been continued on t h e  energy loss and energy deposition 
I f  t r a n s  i ron  cosmic rays. 
ieposi t ian a s  a r a d i a l  function o'f dis tance from the t rack  of a uery, very high (VVH) 
:osmic ray i n  emulsion, e t c .  
thesis  l i s t e d  below. 

A computer code has been developed to  ca l cu la t e  energy 

This ca lcu la t ion  has  been completed r e su l t i ng  i n  the 

4. publicat ions f o r  t h i s  6 months are l i s t e d  below. 

I 

enagement Progress -- Contract NAS&-24953 with the  Research I n s t i t u t e ,  Universi ty  of 
Uabama, Huntsvil le,  w i l l  be extended. 

7 .  (Continued) 

'Calculation of Energy lAss by Highly Charged 
Pa r t i c l e s  and- the In t e rp re t a t ion  of Cosmic- 
Ray Data," presented a t  13th In te rna t iona l  
Cosmic-Ray Conference, Denver, Colorado. 

large Volume, Eigh Eff ic iency S c i n t i l l a t i o n  
Detectors using Multiple NaI (Tl) Crys ta l  
Pieces, llNuclear Instruments and Methodst1 

Induced Radioact ivi ty  Contributfons t o  
Diffuse Gamma-Ray Measurements, "NASA SP 
Publication" ( in  progress).  

"Spat ia l  Dis t r ibu t ion  of Ionizat ion Energy 
for R e l a t i v i s t i c  Heavy Nuclei" MS Thesis UAH 

"Secondary Electron Background produced by 
Heavy Nuclei i n  a Multiwire Proportional 
Counter Hodoscope" NASA TN D7591 

/ 

Peter B. Eby Aug 1973 
Samuel H. Morgan, Jr . 
T. A. Parne l l  

G .  3. Fj.shman 
D. M. Walker 

F. Roberts 

S. E. Morgan 
e t  a 1  

Mar 1973 

m y  1973 

b 

Mar 1974 

Feb 1974 
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TASK: Gamma-Ray Astronomy 

OBJECTIVE(S): To implement a program to increase the s e n s i t i v i t y  of gama-ray 
astronomy experimeists and to incorporate  these advances i n  a balloon-borne de tec tor  
eyetem. The r e s u l t s  of t h i s  i nves t iga t ion  w i l l  be used i n  the  d e f i n i t i o n  of fu ture  
space s h u t t l e  gamma-ray a s t r m m y  experiments. 
ment and balloon f l i g h t  t e s t i n g  of lower cos t ,  l a rge  area crystal s c i n t i l l a t i o n  
de tec tors ;  t e s t i n g  of a c t i v e  s h i e l d i n g  systems; ca lcu la t ions  and measurements of 
cosmic-ray-induced background; development of an on-board s p e c t r a l  memory and 
analysis  sys tem f o r  te lemetry rate reduction; and a continuation of t h e o r e t i c a l  cal-  
culat ions i n  gamma-ray as t rophys ics  . 
APPROACH: 
volume, high efficiency s c i n t Z l l a t i o n  de tec tors  using NaI (Tl) c r y s t a l  pieces  will .  be 
evaluated f o r  use as a l a r g e  area gamma-ray astronomy de tec tor .  
of de tec tor  with large p l a s t i c  s c i n t i l l a t o r s  and using the  pulse  shape discr iminat ion,  
it i s  believed t h a t  Mgh gamma-ray e f f ic iency  a s  w e l l  a s  good charged p a r t i c l e  
r e j ec t ion  could be obtained. 
borne de tec tor  system which -3-1 a l s o  include severa l  new data compression schemes 
t o  preserve high specera1 and time reso lu t ion  with a la rge  counting r a t e  while main- 
t a in ing  a reasonable te lemet ry  rate. The de tec tor  w i l l  then be used i n  a gamma-ray 
astronomy program to  determine t h e  s p e c t r a l  c h a r a c t e r i s t i c s  of various c e l e s t i a l  
ob jec ts  and the  g a l a c t h  plane, 
gamma-ray l i n e  f e a t u r e  near  470 keV from the ga l ac t i c  center  region reported recent ly  
by the Rice Universi ty  group, An attempt t o  measure the nuclear  exc i t a t ion  l l n e s  from 
carbon and oxygen wilL also be made. 
f l i g h t  program w i l l  include the measurement of gamma-ray pulses  f o r  the  objec ts  H e r  
X-1 ,  NP0532, and PSRO833, 

The program w i l l  include; the develop- 

Large Area Detec tor  Development - A new technique f o r  producing l a rge  

By combining t h i s  type 

This  concept w i l l  b e l u t i l i z e d  i n  the design of a balloon- 

Of spec ia l  i n t e r e s t  w i l l  be the  measurement of a 

Other s c i e n t i f i c  ob jec t ives  of t he  balloon 

The present plan of research  w i l l  continue the  a n a l y t i c a l  and experimental 
inves t iga t ion  of t h e  l o c a l  background rad ia t ion .  
a l t i t u d e  o r b i t i n g  experjments is t h e  ac t iva t ion  of spacecraf t  mater ia l s  during passes 
through the trapped radiation belts. 
ac t iva t ion  r a d i a t i o n  -11 be computed using codes developed a t  Oak Ridge National 
Laboratories ( O W )  and MSFC, 
gamma-ray s p e c t r a l  measurements of spacecraf t  mater ia l s  which have been i r r a d i a t e d  by 
protons. 

STATUS: 1. A successful  ba l loon  f l i g h t  experiment was conducted August 11, 1973, 
from Pales t ine ,  Texas, The s m  and the  Crab Nebula were observed i n  the  energy range 
from 50 keV t o  6 MeV.. 3!he payload w a s  a t  f l o a t  a l t i t u d e  f o r  9 hours and landed i n  
good condi t ion near  Ep Paso, Texas. 

Of p a r t i c u l a r  importance f o r  low 

The s p e c t r a l  and time c h a r a c t e r i s t i c s  of the  

The experimental work on t h i s  program w i l l ,  cons i s t  of 

This experintentalwork is already i n  progress. 

Data ana lys i s  i s  now i n  progress.  

2. Measurements of ikzduced r ad ioac t iv i ty  by neutrons and protons a r e  con- 
Several  samples t inuing using a r e c e n t l y  acquired high e f f ic iency  Ge(Li) detector .  

from Skylab a r e  scheduled t o  be measured a s  well  a s  a r t i f i d a l l y  i r r a d i a t e d  samples 
from p a r t i c l e  accelerators and nuclear  reac tors .  Computer programs used i n  calcu- 
l a t i n g  induced r a d i o a c t i v i t y  have been wr i t ten  and debugged. 

3. A neutron a c t i v a t i o n  experiment f o r  the SL-4 mission has been t en ta t ive ly  
accepted by the  F l i g h t  Management Team (FMT) meeting i n  Houston. 
is now under way. 

Experiment in tegra t lor  
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4. A new large area detector is being designed for balloon flight use. 
prime objective of thLs detector is to search the entire sky for low intensity g a m -  
ray bursts. The Getector w i l l  a l so  be used for studying other time-varying gamma-ray 
phenomena such as solar flares 3nd puLsars. 

A 

5 .  The f e a s i b i l i t y  of f lying a small Geai) detector on a superpressure 
balloon for a t  leaet  2 mouths Xs being studied. 

6 .  The application of recently Oevelaped gamma-ray astronomy (instrumentation 
and datu handling) techniques. for Shuttle payloads is continuing. 

Management: Progress - Contract NAS8-26343 has been extended with Brown Engineering 
Company,, Inc,, Huntsville, Alabma. 

z 

.- - .- 

a 
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, CENTER: 2. PERIOD COVERED: 3. CODE 

188-48-51 188-48-51 MSFC 01 10 73 to 31 03  74 - . TITLE: 

interdisciplinary Space Res ear ch 
I. 111 SPONSIBLE INOIVIOUAL: TELEPHONE: APPROVAL: 

E. Stuhlinger 205-453-3033 E. Stuhlinger 

TASK: Interdisciplinary Space Research 

OBJECTIVE: 
capability of directing "quick reaction" efforts toward significant problems o r  
promising a reas  of research. 
astronomy programs of NASA. 
APPROACH: Under the direction of the Associate Director for Science, Dr. Ernst  
Stuhlinger, research is initiated in scientific and technical areas which influence 
Center scientific missions. Projects a r e  selected which, within available resources,  
contribute significantly to in-house scientific capabilities and state-of-the-art advance. 
ment. 
techniques for plasma wake and sheath measurements, (2) development of a sector 
spectrophotometer, (3) development of a gain control for scintillator photomultiplier 
systems. 
optical telescope blanks, (5)  gamma-ray astronomy, (6) three-dimensional holographic 
motion picture system, (7) mechanical properties of graphite/epoxy materials, and 
( 8 )  support to a phased a r r a y  laser  system. 

STATUS: Technical Progress:  (1) Plasma Wake and Sheath Measurements - In-house 
research now setting up laboratory apparatus to investigate wake 
characteristics associated with streaming plasma, developing experiment 
techniques for the investigation of plasma wakes and plasma sheaths, (2)  
Sector Spectrometer - Study of aurora-induced atmospheric emissions 

). atCOMPLISHMENT5 (wlsrtones. Problems. Near term actlvltlar): 

To conduct space research in various scientific disciplines with a 

Such research is related to the space physics and 

Three new projects were funded in FY-74: ( 1 )  development of experiments/ 

Continuing support was furnished to  five other projects: (4) lightweight 

TITLE: AUTWOR(s): DATE 
TRANSMITTED 

. REPORTNO.: 

Project  6, Three Dimensional Holographic Motion Picture System L 

NASA TR R-424 Optical Holographical Applications for the 
Zero-G Atmospheric Cloud Physics 
Laboratory Dr. Robert L, Kurtz (Not yet published) 

N. A,. Real- Time Holographic Motion Picture Capable of Recording 
Front Surface Detail f rom a Random Velocity Vector 

Dr. Robert L. Kurtz 
Applied Optics, Volume 12, No. 12, December 1973 
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requires simultaneous monitoring of emissions from several  constituents at 
different wave lengths. 
detectors more sensitive to these wavelengths. 
with multiple detectors using a single scanning spiral has been formulated; 
funds a r e  provided to  verify this hypothesis, (3 )  Gain  Control for Scintillator 
Photomultiplier - A multipurpose automatically compensating gain control is 
needed for long-duration space experiments. Research is just under way to 
develop a stabilization circuit to compensate for gain changes in the phototube, 
amplifier or  high voltage power supply, (4) Lightweight Optical Telescope Elanks - 
Past  efforts were unsuccessful to acquire a mir ror  of low expansion g la s s  with 
a low expansion glass foam core as this combination has been beyond the state 
of the art .  
blank, is being built. Front and back surfaces made of cross-ply carbon fiber 
composites a r e  separated and held in place by composite unidirectional fiber 
tubings spaced by two perforated discs. 
for final finish and figuring, (5) Gamma-Ray Astronomy - Preliminary design 
has been initiated on a gamma-ray spectrometer t o  detect gamma-ray bursts 
w i t h  test  flight in f i rs t  part  of FY-75 on a standard balloon. It is planned for 
the detector to be borne by a super-pressure balloon which offers possibilities 
of staying up 3 to 4 months, ( 6 )  Three-Dimensional Holographic Motion Picture 
System - Further development of the real-time large scene camera is waiting 
procurement of a higher intensity laser  source. 
the atmospheric physics program is being considered as an on-board flight 
instrument. A NASA Technical Report w a s  written on this; additionally, a 
feature art icle w a s  published in Applied Optics on the basic system, (7) Graphite- 
Epoxy Research - Evaluation of graphite-epoxy materials as possible components 
for the LST program continues; these a r e  analyses relative to their physical 
and mechanical properties after exposure to environments anticipated in  actual 
LST orbit conditions. 
vacuum/ultraviolet indicates no significant effects, (8) Phased Array Laser 
Radar System Support - A thick- film logarithmic amplifier circuit and ;tCcom- 
panying subsidiary circuits are being designed and fabricated, with AD-S. 
providing funds for component procurement. 

Instrument sensitivity at different wavelengths requires 
.A scheme to do multiple scans 

A carbon fiber-epoxy design, 25% of the weight of the solid composite 

Front and rear  surfaces a r e  to be plated 

A modification applicable to 

For  example, preliminary data on exposure to long t e r m  

Management Progress  - Not applicable 

SPC - Form 350-1 {March 1973) 
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188- 78- 57 1 01 10 73 30 03 74 
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TITLE: 

Large Space Telescope QLST) 

llESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

G. S. Nu 
AC c o MPG 
TASK: Fine Pointing Cantrol System, NAS8-28983, Bendix 

OBJEC'I'IVE: The objective is to show the feasibility of achieving the required pointing accuracy 
(- .005 zs-) for the  LS" of body-pointing as opposed to an image motion controller within the 
telescope itself. 

I_ APPROACH: A baselim system will finally be selected that is based on the results of previous 
studies. The  system characteristics and disturbances will be accurately modeled, and a large 
scale digital simulation: will be  developed to solve the nonlinear equations. This work will be 
stqported by a simplified single axis system analysis and analytical work. Computer runs will 
be made to show pointiqg accuracies for realistic system characteristics and to determine 
system sensitivities to wx-dxol parameters. These results will show whether or not the requirec 
accuracies can he achieved by body-pointing. 

-- STATUS: A l l  simulatio work under the basic work statement has been completed, and the 
final reports are  due t.a be completed by April le Presently an extension is being planned to 
czrry the  work through ithe end of this fiscal year. Duri;lg this time the performance of 
double gimbal CMG's Upjill be investigated. 

~ 

r* _- 
I 

AUTHOR(s): DATE . REPORTNO.: TITLE: f ANSMITTED 
LST-PC-201 ed Double Gimbaled CMG S.C. Rybak bec. 19, 1972 

LST-PC S-204 Model for Reaction Wheel S. C.  Rybak Dec. 19, 1972 

LSC-PCS-205 Sensar Noise S. C. Rybak Dec. 19, 1972 

LST-PCS-BO4 RW Aaztuator Model for Fine Pointing S. C. Rybak Dec. 19, 1972 

LST-PCS-200 Imb R. A. Mayo Jan. 1973 

LST-PCS-202 Ve R. P. Headley Jan. 1973 

LST-PCS-203 Ve R. P. Headley Jan. 1973 

LST-PCS-206 Re R. P. I-Ieadley Jan. 1973 

FIRST BE NE FITTING ROJECT: LST 
MSFC - Form 3 6 0  (March 19  7 8 ) 
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Large Space Telescope .- 
RLSPONSIBLE INDIVIDUAL: .I ELEPHONE: APPROVAL: 

Paul  T. Golley 
$&E- ASTR-GN -- 205-453-575 5 Richard H. T u t t :  
6. ACCOMPLISHMENTS (Anliestoner. Problcrg-s. Near term activities): 

TASK: Dual-STin Gas Eearing Reaction Wheel 
m - 2 9 0 1 3  Martin-Marietta; Denver, Colorado 

OBJECTIVE: 
has s u f f i c i e n t  to rque  r e so lu t ion  and produces s u f f i c i e n t l y  l i t t l e  no i se  
and v ib ra t ion  t h a t  it can be used t o  provide t h e  extremely p r e c i s e  
pointing con t ro l  r eqc i r sd  f o r  astronomical observa t iox i .  

APPROACH: This t a s k  c m s i s t s  or' development, f a b r i c a t i o n ,  and test of 
c 5  f ' t n - s a c  r e a c t i o n  wheel i n  which t h e  sot;or is supported by hydro- 
Tynamic pressure  generated by a small self-pumping inne r  sp in-s t ruc ture  
concentric w i th  t h e  i n e r t i a  r o t o r  axls. The inne r  sp in - s t ruc tu re  is 
driven by a constant  speed ac m t o r .  The i n e r t i a  r o t o r  is d.riven by a 
var iable  speed ac motor. 
meter. The motors and sseed t ransducer  a r e  a l l  brushless  t o  minimize 
f r i c t i o n a l  e f f e c t s . '  

Tc; provide a bf -d i rec t iona l  momentum exchange device xhich 

Speed w i l l  be measured by an o p t i c a l  tacho-.' 

STATUS: 
m a n c e  t e s t e d ,  and t h e  f i n a l  r epor t  published. Further  in-house t e s t -  
i n g  a t  MFC is being delayed u n t i l  p ro t ec t ive  c i r c u i t r y  can be developed 
t o  permit leav ing  t h e  u n i t  running but unattended overnight and on week- 
ends. This w i l l  avold s t a r t i n g  and stopping t h e  rotor each day, which 
could d e t e r i o r a t e  t h e  gas bear ing su r face  l u b r i c a n t s  before  a l l  t e s t i n g  i 
completed. Speed c o n t r o i  c i r c u i t r y  is  a l s o  being developed, 

F i n a l  r e  o r t :  dtP, No, NCR-73-322, Nov. 1973, Mwtin-Marietta Corp., P. 0. 
Box 179, Denver, Cc) 
Note: There are e r r o r s  i n  t h i s  r e p w t ,  p a r t i c u l a r l y  regarding t h e  gas  
E i n g  s t i f f n e s s .  Corrected numbers w i l l  be included i n  t h e  fol lowing 
Paper which w i l l  be presented at the  ASm/ASLE J o i n t  Conference i n  
Atlanta i n  October 1974 . 

Technical Progress - The unit has been de l ivered  t o  MSFC, 

7. REPORT NO.: TITLE: AUTHOR@): DATE 
RANSMITTE "The Fabricat?-Dn and Test of a Dual Spin G a s  Bearing %e- 

---------- - ........................................... 
FiRST BENEFITTING PROJECT: . Large S?ace Telescope I 
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Large Space Telescope 

'aul T. Golley 
%E-ASTR-GM 205-453-5755 Richard H. Tut t  

IASK: - 
IBJECTIVE: 

. TITLE: 

*< 

. RESPONSIBLE INOIVIDUAL: TELEPHONE: APPROVAL: 

. ACCOMPLISHMENTS (Milestones, Problems. Near term activities): 

Secondary Mirror Ar t i cu la t ion ,  Contract NASEf-29723 
Perkin-Elmer; p lus  in-house MSFC t e s t i n g .  

To develop a l a b o r a t o r y  prototype secondary mi r ro r  articulatic 
mechanism which proves t h e  f e a s i b i l i t y  of  a t  l e a s t  one scheme 
f o r  accomplishing image s t a b i l i z a t i c n  and focus and alignment. 

1PPROACH: 

STATUS : 

. 

Prototype hardware w i l l  be conceived, designed and f a b r i c a t e d .  
More than  one ac tua t ion  technique w i l l  be evaluated if multipl  
concepts appear f e a s i b l e .  Hardware t e s t i n g  w i l l  progress 

(1) In-house (MSFC) closed-loop t e s t i n g  wi th  e l e c t r o n i c  
p o s i t i o n  senso r s ,  t o  determine ga ins  and s t a b i l i t y .  

Threshold and no i se  t e s t i n g  a t  Martin-Marietta/Denver. 
( 3  ( 2 1  Dynamic i n t e r a c t i o n  t e s t i n g  i n  t h e  Boelng graphi te-  
epoxy truss. 

Management Progress  - Perkin-Elmer won a competit ive award t o  
f a b r i c a t e  t h e  secondary m i r r o r  a r t i c u l a t i o n  mechanism. 

Technical Progress - The hardware has been b u i l t  and accept- 
ance t e s t i n g  is i n  progress.  Prel iminary r e s u l t s  i n d i c a t e  
t h a t  two d i f f e r e n t  ac tua t ion  schemes can provide r e s o l u t i o n  

tihrough t h r e e  phases. . .  

* . .  of 0.001 arc  seed for -- 
TITLE: AUTHOR(s): DATE 

TRANSMITTED '. REPORT NO.: 

Inly fragmented, l e t t e r - t y p e  monthly progress  r e p o r t s  are a v a i l a b l e  
L t  p r e sen t ,  A f i n a l  r epor t  w i l l  become a v a i l a b l e  i n  t h e  near  f u t u r e .  

-e-- 
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Large Space Telescope 
. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL: 

J. R. Parker - %E-AS 453-4276 R e  H. Tutt  

, ACCOMPLISHMENTS (Milestones. Plobiems, W r  term actlvltles): 

TASK: Pine Guidance Sensor - 
NAS8-29918 ITT G i l f i l l m  

OBJECTIVE(S): 
rms, s t a b i l i z a t i o n ,  over a 40-hour observation period. From this a 0.012 microradian 
e r ror  for  s t a b i l i t y ,  based on 2 Hz, cont ro l  gain crossover frequency, is a l loca ted  
to t h e  f i n e  guidance sensor. 
accuracy and develop a sensor to perform t o  the given specif icat ions.  

PSPROAC'H: (1) I n v e s t i g a t e  electromagnetic and e l e c t r o s t a t i c  image d issec tor  tube 
performance as p o t e n t i a l  candida tes  fo r  t h e  sensing element. Under cont rac t  make 
modifications to  the 4012W image d issec tor  tube t o  improve l i n e a r i t y ,  reso lu t ion  
and uniformity across  the photocathode. ( 2 )  Inves t iga te  charge coupled device (CCD) 
technology fo r  possible  implementation in to  the  f i n e  guidance sensor. CCD's are i n  the 
development s tage but  appear to have grea t  p o s s i b i l i t i e s  as the sensing element. 
(3)  Design, in-house, a s t a b l e  cu r ren t  regulator  and d r i f t  tube vol tage regula tor  t h a t  
have regulat ion of 200 parts per mil l ion  o r  be t te r .  (4) Build and tes t  a breadboard 
configuration of  a f i n e  guidance s ensa .  

I STATUS: Technical Progress--(In-house) A breadboard has been constructed f o r  a complete 
s e t  of e l ec t ron ic s  f o r  a 4012- image d issec tor  tube. Preliminary tests a r e  underway 
to  eva lua te  the  system s t a b i l i t y .  

r e s u l t s  i s  80% complete, 

The LST requirements are 45 microradians, pointing, and 0.024 micoradian 

This task  w i l l  inves t iga te  ways of obtaining the  desired 

Tests on an 574 electrostatic tube are complete. A r epor t  on th.e tes t  
O v e r a l l  the e l e c t r o s t a t i c  tube appears t o  be i n f e r i o r  (See Pag 

n 
I . REPORTNO.: TITLE: AUTHOR@): TRANSMITTED DATE 

, .  
n t h l y  Progress  Report" I T T  G i l f i l l a n  % 

For Period\ 1 October 1973 
rn 31 December 1973 

.. 

FIRST BENEFITTING P JEW: Large Space Telescope 
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Management Progress--Contract NAS8-29918 for the improved image dissector is  
running behind schedule, 
one good tube. 

Two tcbes w e  being fabricated and should produce at  ieast  . 

Problems--Potting coriipoutld outgassing above specifications on the deflection 
co i l  and production problems i n  the face p l a t e  for the tube. 

I . .  
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